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working with the architect and illuminating engineer on today’s important school building projects . . . 


A = mile ot (Gol lighting units 


. every inch designed lo make 


sd ’ 
an archilect’s dream come true! 


Here is lighting that takes both the architect's and 
illuminating engineer's thinking into consideration . . . 
expressed in the clean-cut lines and diminutive contour 
of the Benjamin Capri. In addition to its flair for making 
architectural dreams come true, the Capri’s unique 
low-brightness illumipation meets the high classroom 
lighting recommendations of the Illuminating Engineer- 
ing Society ... and even antic ipates future increases 
and improvements in these practices. Benjamin Klectric 


Mfg. Co., Des Plaines, Ill. 


®eBENJAMIN 


... always the source of good lighting 





...the new 


ADDS YEARS TO BALLAST LIFE 


the first major development 
in Ballast design since the 
introduction of the fluorescent lamp 


ADVAN-guard, an integral part of the 
new Advance Ballast design, adds years 
to ballast life by preventing ballast 
operation at abnormal temperatures. 
ADVAN-guard protects against exces- 
sive voltage supply . . . internal ballast 
short circuiting . . . inadequate lamp 
maintenance . . . improper fixture ap- 
plication . . . and eliminates the need 
for individual fixture fusing. 


ADVAN-guard is pre-set to instantly 
and automatically “trip-out’ when the 
ballast is operating at higher than rec- 
ommended temperatures. When heat de- 
creases to normal temperature ADVAN- 
guard resets automatically and the 
ballast resumes operation. If overheat- 
ing continues . . . ADVAN-guvard pro- 
tection continues. ADVAN-guvard, by 
maintaining normal operating tempera- 
tures, increases the life of a fluorescent 
lamp ballast. 


For longer ballast life insist on Advance 
quality fluorescent lamp ballasts with 
ADVAN-guvard protection. 


incorporating a thermally 
actuated protective device 
that gives longer ballast life 


ADVAN-guard is listed by Underwriter’s Laboratories, inc. 
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Installation Costs Cut 14 
with New Rapidjust Brackets 


@ Rapidjust, an exclusive new mounting bracket introduced on the 


new Curtis Sky-Lux series of large-area luminaires, lets two men do 
the work previously requiring three men. Sky-Lux, in surface-mount 
and flush or flange recessed types, is available in 2’ x 2’, 2’ x 4’ and 
4’ x 4’ sizes with white CurtiCell; flat, concave and dished concave 
acrylic plastic diffusers; Alba-Lite glass and plastic louver bottom 
closures. Recessed Sky-Lux luminaires featuring the new Rapidjust 
mounting brackets can be used in all standard type acoustical sus- 
pension ceiling systems. The new Rapidjust bracket also eliminates 
yokes or support straps, providing quick, safe and economical 
installation. 


SEE A RAPIDIUST-EQUIPPED SKY-LUX DEMONSTRATION. CALL YOUR CURTIS REPRESENTATIVE 


CURTIS LIGHTING, INC. 


6135 W. 65th ST., 
URT CHICAGO 38, ILL. 
in California in Canada 


242 S. Anderson St. 195 Wicksteed Ave. 
Los Angeles 33, Calif. Toronto 17, Canada 


Walter Juergens, 
Juergens Electric, 
Hammond, Ind. 
“With Rapidjust 
two men install the 
same 4° x 4° unit 
that used to take 
three men."’ 


Rapidjust brackets instantly engage ceiling 
members so that only two men are needed 
for installation. 


Edward C. Minas Co., Hammond, Ind 

architect: Bachman & Bertram, Hammond, ind 
New 4 x 4° Sky-Lux luminaires installed 13 o.c. in 
10° ceiling. Initial footcandies: 50 


Spring-loaded Rap- 
idjust brackets are 
released: unit is self- 


Loosen wing nuts supporting on ceil- 
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Lift recessed Sky- 
Lux into plenum. 
Rapidjust brackets 
held flush to unit 
by retainer clip. 


on inside of unit 
one-half turn and 
move Rapidjust 
brackets down in 
slot. 


ing members. Align- 
ment and final posi- 
tioning is done by 
setting unitandtight- 
ening wing nuts. 





INSTALLATION: The Philadelphia Saving Fund Society 
r q . 3 Penn Center Plaza, Philadelphia, Penna. 
You can Bank on this AREA: Bonking Floor 
ARCHITECT: J. Zyberk Plater, Philadelphia, Penna 
y m ° ° CONSULTING ARCHITECT: George Howe, Philadelphio, Penna. 
Unusual Bank Lighting ENGINEER. John Kistner Company, Philadelphia, Penna 
z ELECTRICAL CONTRACTOR: Harry F. Ortlip Company 
~y ™ = Philadelphia, Penna. 
to be G lar e-f Too DISTRIBUTOR: Graybar Electric Co., inc., Philadelphic, Penna. 
CEILING HEIGHT: Approximotely 12 feet 
’ FIXTURE SPACING; 3 feet on centers 
it's by LITECONTROLI FIXTURE: Litecontro! No. 3214RS 1 lomp 4 foot recessed 
fixture, using Holophane No. 9015 low brightness | enses. 
INTENSITY: Average 60 foot-candles in service. 





You're looking at the first floor Holophane low brightness lenses, LITECONTROL is doing this type 


quarters of The Philadelphia Sav- spaced only three feet on centers. of thing practically every day with a 


ing Fund Society, 3 Penn Center RESULT : BRIGHTNESS IS CONTROLLED wide variety of standard fixtures. 


Plaza, Philadelphia a new 20- TO AN ABSOLUTE MINIMUM. Consider this fact on your next bank, 


story office building and the first to If you like the look of this store, office, library or industrial 


be built in about 20 years. bank lighting, remember that lighting project. 


The decor leaves nothing to be 


desired — nor does the lighting, in- ied (0 eee 


cluding efficiency at sensible cost! 


This installation differs from our LITECONTIROIL Sixt. 


usual Litecontrol job in that a 1- 
KEEP UPKEEP DOWN 


lamp recessed troffer was used with 
LITECONTROL CORPORATION, 36 Pleasont Street, Watertown 72, Massachusetts 


DESIGNERS. ENGINEERS AND MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 
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Great Britain and Continental Europe 
Research on Visual Comfort 


a STEADY COURSE of lighting research 


on the eastern side of the Atlantic was interrupted 
and almost completely diverted into war purposes 
1939-45 period 


work ceased, except where occasionally work com 


during the Publication of new 
pleted before the outbreak of war was hurriedly 
tidied up to help to fill attenuated publications in 
order to maintain some sort of continuity. At the 
end of the war, there was a vast mass of work, 
hitherto classified in secret categories, that was 
pressing for publication in journals with a frae 
tional allowance of paper. Much useful work was 
completely crowded out and never saw publication 
at all, while the small fraction that did eventually 
get printed appeared in an abbreviated form, often 
for subsequent 
1950's that 


as a consequence unsatisfactors 


reference. It was not until the early 
European publication in the field of lighting and 
vision began to march in step with the pace of the 
work. The foundation of several new journals, 
particularly Acta Optica, and the revival or meta 
morphosis of several others known before the war, 
aided this return to normality. The most recent to 
attract attention is the Russian journal Svetotech 
nika, which unfortunately very few of us can read. 

[t is against such a background that my paper is 
prepared. In the U.S.A. you managed by a tremen- 
dous effort to maintain a continuity of research and 
publication which deserved and received our whole- 
hearted admiration, and you have kept the pace 
going with no apparent discontinuities, so far as 
the reader of your technical literature can detect 
On our side we are continually having to pick up 
pre-war theories, and I must consequently ask you 
to have patience with us if we keep on referring to 
the °30’s, to Lythgoe on 
Beuttell on the 


analysis of lighting, Patterson on lighting princi- 


outstanding papers of 


visual acuity, Stiles on glare, 


ples. These workers laid the foundations of our 


present studies. 


Part I of a lecture given at Cornell University, Ithaca, N. Y., on 
September 15th, 1956, to a Symposium on Visual Research held by 
the Illuminating Engineering Research Institute of the U.S.A 
AUTHOR Dept. of Scientific and Industrial Research, Building 
Research Station, Garston, Watford, England 
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By R. G. HOPKINSON 


Research on visual comfort and associated 
problems has taken somewhat independent 
courses in countries on the east side of the 
Atlantic and in America. In England more 
emphasis is placed on the factors which gov- 
ern the appropriateness of lighting for its 
purpose, and greater strides have been made 
to integrate color of interiors with lighting. 
The importance of planning lighting in terms 
of what we see rather than what the pho- 
tometer measures has been stressed; this 
involves the careful determination of adapta- 
tion effects. Controversy on the use of fluo- 
rescent lighting has sometimes been strong, 
but in general most fears are now allayed. 


This paper is not going to be an impartial re- 
view I must make this clear at the outset. An 
impartial review could have been better done by a 
professional information officer. If one works in a 
field of research as I have done, for twenty years, 
controversies inevitably arise between various 
workers and laboratories. These controversies make 
for much of the interest in the work, but anyone 
involved in them cannot be expected to present an 
unbiased picture, and I believe that it is far better 
not to claim to have made the attempt. 

The main recent development in Europe, as I see 
it from the Building Research Station at Garston, 
in England, is the importance now being given to 
the lighting of the environment; as Crouch has it, 
“the provision of the luminous environment.” 
Europe has almost recovered from “foot-and-candle 
disease.” We notice this at Building Research Sta- 
tion, because whereas when we started up our “sub- 
jective” work in 1947 after the war break we were 
considered unorthodox and even rebellious, we now 
find ourselves carried along in the main stream of 
events, and our work is acceptable to all but the 
most conservative. Development in Europe has ap- 
peared to follow on yours initially, but neverthe- 
less our approach is to some extent different, as can 
be appreciated from a study of the Codes of Prac- 
tice of the French and later of the British [llumi- 
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nating Engineering Societies. We try to place 


more importance on factors which lead to variety 
even though so far we 


Perhaps the 


and freedom in lighting 
cannot put figures on all of them 
Oppos ? 


ends of the scale are re presented on the 


by the work of Hesselgren in Sweden, of 
Kalff in Holland, and of my own colleague Gloag 


at the Building Research Station, where aesthetic 
considerations are uppermost, and on the other by 
the one-time 3:1 


here in the U.S.A., where, as someone once put it, 


luminance ratio standard over 


a man in a black suit would be a glare source. You 
have moved away from that position and are work 
ing towards the ideal solution, and we are working 
towards the same solution partly from the intan 
gible and indefinite position of the aesthete and 
partly from the firmly entrenched position of the 
footcandle engineer 

The direction which European work on visual 
comfort is taking is indicated by the strong pres 
sure which was brought to bear on the C.LE. at 
committee to 
Nobody was 


quite sure what term to use, but the intention was 


Zurich in 1955 to form a separate 
deal with “Pleasantness in Lighting.” 
clear, to form a group to study the more aesthetic 
factors in lighting, and so to leave the physicists 
engineers and physiologists in their back rooms 
with their endless discussions on glare formulae 
and statistical significances, for it was felt, perhaps 
rightly, that the discussions were holding up the 
It remains to be seen 
will, in fact, speed the work. Rela 
published in the field of 


so agreement should be 


development of the subject 
if this move 
tively little has been 
“Pleasantness in Lighting,” 
easy. but I doubt if it will be. Hesselgren’s thesis 
contains a great deal that is valuable, and is per 
haps the most complete statement available, but it 
is difficult to read because of the obscurity of the 
presentation in some of the sections which deal 
with fundamentals. Kalff’s papers are more spe 
cific, be 
the basi 
little, but in the field of color two of his papers 


ause they make less attempt to formalize 


principles. Gloag has published very 


state an approach which is capable of considerable 
deve lopment 

Gloag deliberately avoids too rigid a characteri 
zation of lighting, preferring to consider each situ- 
ation on its merits, and to provide both color and 
light appropriate to the character of the building 
He appears to attach a special meaning to the 
word “character” in this context, embracing not 
only the aesthetic appeal but also concepts of visual 
efficiency and comfort hitherto associated more 
closely with the engineering approach to lighting 
His work has been so far essentially practical. He 


has designed the color and lighting for a number 
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of buildings, and his philosophy can be discerned 
from these buildings 

Gloag divides lighting situations broadly into 
two categories, the “dramatic” and the “suffused.” 
The typical “dramatic” situation is one in which 
either color, or light, or both, produce a strongly 
delineated dominant center of attention, in an en 


strongly directional 


vironment characterized by 
light and deep shadow, an absence of diffused and 
inter-reflected light, and a marked difference in the 
colorfulness of the main centers of attraction and 
of the subsidiary environment. The typical “suf- 
fused” situation relies on inter-reflected light and 
absence of strongly chromatic color for its effect, 
the 3:1 ratio situation in fact, with the essential 


difference 


areas of strong color in the shadowed areas of a 


that Gloag advocates the use of limited 


“suffused” situation to modify the effect where ap- 
propriate 

This is an inadequate statement of Gloag’s ap- 
proach, which depends, as does that of Kalff and 
Hesselgren, on personal development for its work- 
ing out. I think that we engineers may have to 
accept that all these studies may never have as 
their end point a formalized set of working prin- 
ciples. The principles may have to be worked out 
by someone other than the original workers, from a 


Waldram has 
attempted another approach to the problem. He 


study of their practical realizations 
accepts that it is the architect who will always 
decide the qualities of a lighting situation, by no 
matter what means — intuition, precept, architec- 
tural rules, no matter. The engineer’s job, accord- 
ing to Waldram, is to realize these requirements, 
just as the structural engineer makes sure that the 
Waldram translates the de- 


mands of the architect, through my 1941 seale of 


building will stay up 


apparent brightness first to luminances, then to 
illumination and reflection factors, and finally to 
light distributions and positions of light sources 
This seems an eminently logical process, and it will 
be of interest to see how his method will work out 
in practice 

At the Building Research Station, we have re- 
frained from a too rigid application of the apparent 
brightness concept, although of course my data 
have been always available when necessity has de- 
manded the assessment of adaptation effects. It 
will be interesting to see if Waldram can succeed 


with a numerical approach to the aesthetics of 


In my paper at Boston, this concept of 


lighting. 
apparent brightness is discussed (“Assessment of 
I.E., April 1957) and it 
there that at the levels of modern interior lighting, 


Brightness,” is shown 


apparent brightness and luminance are not so very 


different. Apparent brightness certainly ought to 
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be an everyday working tool of our profession, but 


more especially in situations of low luminance 


where adaptation plays such an important part 
Our approach at the Building Research Station has 
been to employ the concept of apparent brightness 
for first appraisals, but to place our emphasis on 
the less numerical aspects of the subjective side of 
and this requires the use of models, in which 

great faith. 

Building Research Station we make ex 
tensive use of models because we believe that only 
a certain amount of the job can be done by caleu- 
inspection 


lation and the rest has to be done by 


and study. Now that may seem to be a retrograde 


; 


step, it seems so unlike an engineer to have to set 
up a model to see whether his predictions are going 
to be fulfilled 


lighting of an environment which just simply can 


But there are so many things in the 


not be predicted by calculation; you have to have 
a look at them and make modifications and altera 
tions. And it need not be a long job. We have 
solved the problem by taking advantage of the fact 
that these days there is a great deal of architecture 
which is done on the principle of modular coordi 
nation and so we have built a “modular model,” 
consisting of a large number of small components 
made to the sealed-down module, so constructed 
that they can be fitted together quickly. In fact we 
have set up a model of a lighting installation and 
made the complete survey between morning coffee 
break and lunch-time. I doubt if anybody could do 
the calculation as quickly as that, and of course we 
find out by this means a great deal more about the 
installation than ever we could by calculation 
The most important thing that seems to be miss 


ing from lighting research at the moment is: what 


tion. I have 


are the things which govern atten 
searched the psychological literature and I can find 
very little which helps us here. And I think we are 
on to an entirely new field. As you know, the 
literature of painting is full of recommendations 
and suggestions and ideas on the things that govern 
attention, but they are qualitative only. Physiology 
speaks of the “fixation reflex,” that is to say the 
characteristic which makes the eyes turn toward 
The biological 


the moth around the 


bright things in the field of view. 
sciences refer to “tropism,” 
eandle or the way plants in a room will grow to- 
ward a window. Organisms, low and high, have an 
attraction for light. Light is a thing which helps to 
determine attention, and we know that by direct 
observation. When you drive along the highway, 
the opposing car headlights are a compelling source 
of attraction, and you have to exercise most strong 


will-power to avoid looking at them. We know that 


a colorful area in monotonous surroundings com- 
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mands attention. But there are other things, insig 
nificant things like a spot of light on a specular 
rim of a luminaire, the interruption in the regular 
inaccurate hanging, 


pattern of a wallpaper by 


which compel attention. The lighting engineer 
needs to know exactly what are the features of the 
scene which command attention if, for example, he 
is to design local lighting to focus attention on the 
is to avoid dis- 


bright light 


work, or, on the other hand, if he 


traction from the work caused by 
sources or reflected images 

A powerful technique in the study of the visual 
field has been provided by Shackel, who has devel 
oped the corneal-retinal potential method of study 
ing eye-movements. Shackel’s method is basically 
the same as that used by Carmichael and Dearborn, 
and many others in the U.S.A., but by a succession 
of refinements he appears to have achieved a more 


With 


pattern of eye 


stable and accurate technique than hitherto 
the aid of Shackel’s method, the 
movements in a given visual field can be observed. 
so that, for 


from the work to a reflected image can be recorded 


example, the distraction of the eyes 


objectively. The technique does, however, demand 
that the subject must be constrained by the elec- 
trodes placed above, below, and to each side of his 
eyes. This is not such an ordeal as it appears, and 
it can be tidily arranged so that the subject is rela- 
tively free to move about at or near his job. This 
method is being used by Shackel himself, and also 
at the Applied 


where Shackel started his work, for a study of 


Psychology Unit at Cambridge 
scanning and searching movements with different 
forms of visual task 

At the Building Research Station we are study- 
ing the problems of attention by a direct cinemato 
graphic recording. The method is less elegant 
than the corneal-retinal potential method, but it 
has the advantages that no constraint need be put 
on the subject, and that it avoids the need for ex- 
pensive electronic equipment and the staff to build 
and maintain it, a major consideration with us 
The method depends for its success on the fact that 
the subject must be quite unaware of the purpose 
of the experiment. If he knew that the movements 
of his eyes were under investigation, his pattern of 
eye-movements would inevitably suffer some change. 
He therefore has to be led to believe that he is per- 
forming an entirely different experiment. The sub- 
ject sits down between two mirrors curved to en- 
able an image of the subject’s own field of view to 
be photographed at the same time as his eyes. He 
looks at a visual task, e.g. a chart 10 inches square 
containing 48 Landolt rings each 1.5 em. in diame- 
ter seen 10 feet away. There is a small central 
aperture in the chart through which the camera 
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photographs the subject and the mirrors. This 
aperture appears black to the subject, and he can- 
not see or hear the camera Cinematographic rec- 
ords are made of various arrangements of the field 
of view, that is, with general lighting in the room, 
with general lighting plus local light on the visual 
task, with glare sources of various size and lumi 
nance seen together with or without local lighting, 
and so on 

The results are interesting, but not altogether 


systematic, because certain personality factors 


come nto the picture whi h te nd to mask the “nho 
totropi ” effects 


It IS Interesting that these personality factors 
Witkin in his 


Setting aside these 


link up with those reported by 
studies of spatial orientation 
factors, we find that the method confirms that (a 
attention remains on the work more effectively if it 
is locally lit than if it is seen only in general illu 
mination: (b) a light source in the field of view 
distracts attention from work; (¢) the gaze is fixed 
more readily on a large source of low luminance 


than on a small source of high luminance, the ey 


movement in the presence of a large source of low 


luminance consisting of a series of relatively slow 
traverses towards the source, where the gaze is held 
for many seconds at a time; (d) the eve movements 
in the presence of a small source of high luminance 
consist of a series of jerky darts towards the source 
and away again, the gaze never being held for more 
than a fraction of a second at a time 

It is too early yet to go further in detailing the 


We also intend to make 


direct subjective judgments of the degree of dis- 


conclusions from the work 


traction caused by different types of source, and of 
the degree of attraction resulting from different 
combinations of general and local lighting. Some 
preliminary work on these lines has already been 
published 

Lighting should really be considered in three 
stages, each of which is closely linked and which 
should not be separated in the mind of the engi- 
neer. First, lighting should give good visual effi- 
ciency. That, of course, is the work with which 
both our Illuminating Enigeering Societies have 
been concerned ever since their inception. Second, 
lighting should give visual comfort. This is a mat- 
ter which has followed on rather later, but which 
now is well documented by research both in the 
United States and on the other side of the Atlantic 
The third requirement of good lighting may from 
the point of view of engineering be a little newer. 
This is the question of the appropriateness of the 
character of the lighting. To light a hospital, a 
school and a factory may each demand, shall we 


say, 20 footeandles on the working plane to achieve 
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visual efficiency. By application of the comfort 
data we can achieve that level of illumination with- 
out visual discomfort, but the character of those 
three jobs will be entirely different. Very broadly, 
we know that low-level indirect lighting tends to be 
soporific and direct lighting with bright “spots” 
tends to be stimulating. Variations between ex- 
tremes of that kind give a different character. 
There may be a possibility of formulating rules for 
determining the character of lighting but we have 
not succeeded yet in showing how to do so. This ts 
the side of the Building Research Station work 
with which my colleague H. L. Gloag is most close- 
ly associated. In the case of the hospital, for exam- 
ple, we feel that it should not be of an institutional 
character, it should be homelike and at the same 
time should give the patient the desire to get well 
At the same time it should not be so stimulating 
that it is a constant source of irritation to a very 
sick patient. A factory on the other hand should 
have quite a different character, it should radiate 
an atmosphere of efficiency and it should make the 
worker want to get busy and keep busy. A proper 
combination of lighting and color may achieve this 
Color slides were introduced to illustrate these 
points 

To turn to something entirely different, there is a 
great deal of discussion still going on in Europe 
about the physiological and psychological effects of 
fluorescent lighting. The most bitter arguments are 
dying down, but the embers still burst into flame 
occasionally. I believe you know that in 1949-50 the 
French education authorities banned the use of 
fluorescent lighting in schools, and this had consid- 
erable repercussions in other countries. [In Scandi 
navia, especially Sweden, where almost all the new 
schools were furnished with fluorescent lighting, 
second thoughts began to prevail around 1953 and 
in response to pressure some careful work was done 
on the effects of fluorescent lighting in schools, that 
is to say the effect on children’s vision. A compre- 
hensive report on this survey by Dr. Hjirne gave 
a verdict generally favorable to the fluorescent 
lamp, but embodying some sound recommendations 
for more careful engineering. At the Building Re- 
search Station we came to very similar conclusions 
and embodied them in a report prepared for Gov- 
ernment use. Floyd reported a study of a careful 
comparison between fluorescent and filament light- 
ing in telephone exchanges and post office letter- 
sorting offices. His findings showed no disadvan- 
tages of fluorescent lighting under comparable con- 
ditions. Curiously enough, however, neither Floyd 
nor ourselves at Building Research Station have 
been able to confirm the “Kruithof diagram,” the 


relation between acceptable minimum illumination 
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and color temperature. Our own studies were care- 
fully done, but we found that even if 50 per cent 
of our subjects confirmed Kruithof, the other 50 
per cent were either indifferent or judged in the 
opposite direction. We found that much more im 
portant in the judgment of the apparent amount 
of light was not so much the color temperature, but 
whether or not there were bright light sources in 
the field of view. Floyd found that performance 
under fluorescent and under filament lighting was 
effectively the same at quite low (10 ft-e 
Nevertheless I feel that if I were a 


levels of 
illumination. 
lighting engineer I would not risk causing the 


client’s dissatisfaction by installing “daylight 
color” fluorescent lighting at levels less than 20 
ft-c. Such a precaution, of course, is of no interest 
to you in the U.S.A. where 20 ft-c. is a level no 
longer of interest 

The ultraviolet question entered into these argu- 
ments on fluorescent lighting, and the work of 
Latarjet in Paris was probably the most carefully 
done in this field. No evidence of visual harm 
coming to users of fluorescent lightine was estab- 
lished in spite of the most careful tests. 

Studies were also made of the effect of fluores 
cent lighting on the accommodation. The work of 
Baumgardt, which was reported at the C.I.E. Con 
ference in Zurich but of which I have not yet seen 
any further publication so far, did seem to show 
that work in fluorescent lighting running on a-ce 
had a greater effect on the dimunition of the ac- 
commodation reserve than either filament lighting 
or fluorescent lighting on d-c. The effect was small, 
but linked up with the complaints which we have 
ourselves had at Building Research Station from 
middle-aged people on the borderline of presbyopia. 
We find that most of the people who complain 
about fluorescent lighting are those who probably 
need about half a diopter of plus correction to 
help them, but which they have not so far troubled 
to get. But when they work in fluorescent lighting 
it suddenly appears to them that they need it 
That, of course, is nothing serious at all—everyone 
when he gets to a certain age needs a certain plus- 
correction. But it does seem to alarm some people. 
To them it is the crossing of the boundary between 
not needing to wear spectacles and then having to 
wear them, and this arouses concern. Weston takes 
this very philosophically, his wide experience ex- 
tending over very many years leads him to believe 
that most of thse complaints clearly stem from a 
mild degree of neurosis. Fincham used his Coinci- 
dence Optometer technique to study the accommo- 
dation performance of eyes under fluorescent light- 
ing, and detected no significant effect. If there had 
been a fluctuation of the accommodation due to 
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the discontinuity of the spectrum of the fluorescent 
source, this should have shown up in the Coincl 
dence Optometer, in which changes of 0.1 diopter 
detected 


gardt’s findings, and of the causes of complaint of 


can be Baum- 


So the explanation of 
the near-presbyopes, must still be sought 

Flicker has continued to be a source of com- 
plaint, and in response to a request from the Build- 
ing Research Board which guides our program at 
the Building Research Station, we undertook a 
study of the problem. 

The new features of our work were, first, a spe- 
cially designed lighting unit which enabled us to 
vary the frequency, the wave-form and the modula- 
tion of the light source, and hence to flicker the 
whole field of view, and second, the use of the mul- 
tiple criterion technique which enabled us to study 
not only the critical fusion frequency, but also the 
effect of variation of frequency on visual comfort 
Just perceptible flicker may not be uncomfortable 

we wanted to know what conditions give rise to 
discomfort which would lead to complaint 

We obtained some valuable results. We were 
able to show that the flicker threshold was much 
higher than that deduced from the classical re- 
searches, which were all, or almost all, based on 
small fields. Where our results overlapped with 
those of other workers, especially Bouma and Eng 
strom, acceptable agreement was obtained. Perhaps 
the most notable result was the fact that very small 
differences in frequency result in large differences 
in sensation of flicker, a difference of only 16-20 
eycles per second making the change from just 
perceptible to intolerable flicker. We also found a 
wide variation in the sensitivities of different indi- 
viduals. Flicker which to one individual is barely 
perceptible is intolerable to another. There is here 
the kernel of the flicker problem. It is a minority 
matter, but it is serious for this small minority 

In evaluating wave-form and modulation (and 
hence of afterglow in a fluorescent lamp) we made 
good use of the Flicker Index of 


Campbell, which in certain circumstances provides 


Eastman and 


an adequate measure of the relative visual effect of 


different wave-forms. The importance of unbalance 
in the wave-form was demonstrated. A very small 
2 per cent) 50 cycle p.s. component in a 100 eyele 
p.s. wave-form is readily seen as flicker, especially 
at high luminances (50 ft-L and above). At low 
luminances a much greater 50 cycle p.s. component 
15 per cent) is necessary for it to be detected. 
Some recent work by Ditchburn and his col- 
leagues at Reading University on the stabilized 
retinal image shows promise of yielding fundamen- 
tal information on the visual processes involved in 


the perception of intermittent illumination. Ditch- 
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work 
its publication, but he 


burn's is not published and I cannot 


yet 


anticipate has granted me 
of 


to give a brief re port of some his 


permission 
ndings 
results 


liminary 


the 


He had already reported pr 


his technique of illuminating stabilized 


il image by interrupted light of variable fre 
His m¢ that if the 
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fre- 


varies 


re recent work shows 
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U.S.A 
group at Cambridge working originally 


Mackworth 


to fatigue 


uu from his own visit to the in 


sartlett and now under have 


rreat deal of study problems 


has made investigation into visual fatigue 


Research on Visual Comfort 


Hopkinson 


using a technique which measures the falling-off in 
the accuracy of setting a vernier scale during the 
progress of the visual task. This technique may be 
sufficiently sensitive to reveal the effect of different 
the holding-off of 


But in general the situation on the 


lighting systems on onset or 
visual fatigue. 
systematic study of visual fatigue is at the moment 
not very promising, even though we know it to be 
of great importance. Some workers in Europe are 
thinking back to the work of Luckiesh and Moss on 
the heart-rate and muscular tension as measures of 
nervous effort in seeing, and resumption of work 
on these aspects of the problem may possibly be 
considered 

One tendency among some physiologists should 
he 
precise meanings in terms of certain physiological 
changes, then to that 
of work, 
physiological 


that 


mentioned. This is to give to the word “fatigue” 


demonstrate after certain 
lighting conditions, 
changes do 


these kinds of 


“do not cause fatigue.” 


kinds or in certain 


these not oceur, and 


thence to say work. or those 


lighting conditions, This is 
highly dangerous. By “fatigue” most of us include 
subjective as well as objective phenomena, and the 
word has a wide, but generally well-understood 
meaning. If my eyes feel tired, it is of no help to 
me to prove that my accommodation reserve is un- 
changed, or that my ocular-motor muscles are fune- 
tioning without that electro- 


impairment, or my 


encephalogram is normal. The search for objective 
measures of visual fatigue should not blind us to 
the fact that fatigue is not solely an objective phe- 
nomenon 

The 


problem is an unsatisfying one at 


but the 


moment. 


fatigue continues, 
the 


However, some recent results obtained by Saldanha 


work on visual 


at Cambridge and Collins at the Building Research 
Station give reason for slight hope, if no more. We 
must plod on and hope for inspiration 

This lecture is chiefly a review of work already 
published, but it contains some things that are new. 
I am grateful for the permission which I have been 
given to include advance descriptions of their work 
by Mr. Shackel, Professor Ditchburn, and Dr. Sal- 
danha. I also acknowledge gratefully the permis- 
sion of the Director of Building Research to give 
my lecture, and the Illuminating Engineering Re- 
search Institute for the opportunity of presenting 


it to you here in Cornell 


It of these ke 


n the June 


tures The Evaluation of Glare,’ 


1957 issue of ILLUMINATING 
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Lighting Contributes to 


Solving Small Store Problems 


AND ONE-HALF feet wide and SIXty 


feet long — these dimensions indicate the propor- 
tions of the problems in lighting and arrangement 
of Jennings Jewelry Store. Mr. and Mrs. Jennings 
had planned the store layut themselves, and then 
called in a specialist to p vide the lighting specifi 
cations 

The lighting, it was hoped, could perform a dual 
function: (1) display the jewelry indoors to best 
advantage for merchandising, and (2) put the 115- 
inch store front in a competing position, for atten- 
tion. with the 40- to 60-foot fronts of its chain- 


store neighbors 


Interior Lighting and Display 

Exact dimensions in width of the interior are 9 
feet 7 inches for the front section and, for the rear 
section. 9 feet 1 inch. Height of the ceiling is 9 
feet 6 inches. 

To create the illusion of higher ceiling height 
and of additional width to the store, continuous 
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coves run the length of both sides. These consist of 
two-lamp rapid-start channels, mounted in a cus- 
Forty 40 


watt T-12 48-inch standard warm white lamps pro- 


tom cove 18 inches below the ceiling. 


vide general illumination averaging 65 footeandles. 

Direct incandescent light, most desirable for the 
display of jewelry, is prov ided by 200-watt, medium 
distribution, mirrored glass reflectors with concen- 
tric louvers, recessed three feet on center over the 
counters. The inner edge of the reflector units is 
over the outer edge of the counter, so the customer 
does not see reflections of the fixture in the top of 
the showcase. Each of these units is equipped with 
a 200-watt A-25 medium base, clear general service 
lamp with adaptor. An average of 100 footcandles 
is provided on counter tops. 

The same ty pe recessed reflectors are recessed on 


This installation won second prize in the Philadelphia Section's 
1956 contest for My Most Interesting Lighting Job. George C 
Linthicum, Lighting Applications Section, Philadelphia Electric Co 
provided the lighting specifications for this Norristown, Pa., jewelry 


store 
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Frontage of 944 feet of Jennings 
Jewelry, which competes with 60- 
foot neighboring fronts. 


enters over the service and watch touch. Other environmental features are F-M music, 

ion in the rear, providing 75 foot softly transmitted from two hi-fi speakers recessed 

is task in the ceiling, and a three-ton air-conditioning 

ing the overhead lighting, two moder unit 

fixtures are surface-mounted on the ceil 
or the purpose of night lighting. Each Store Front and Exterior Display 

elve 7-watt C-7 candelabra base, clear To give the narrow store front additional display 

lamps, and their modern design and window area, the entrance is extended back into 

) the appearance of the store interior the building 12 feet. This furnishes a show window 

have been in continual operation for 13 feet long, 2% feet wide and 4 feet high. Ten 

ately 3450 burning hours 200-watt asymmetric mirrored glass reflectors with 

display of silver and larger merchandise, eccentric louvers are recessed in the front of the 

odernistiec custom-built wall cases, 10 feet window. These units are mounted on 15-inch cen- 

by 5 feet high, are individually illuminated ters and are equipped with 200-watt A-25 medium 

the top with slimline strip units containing base inside frosted lamps. Illumination level of 

itt T-12, 48-inch medium bipin standard warm 250 footeandles is provided. A 4- by 4-foot plate 

fluorescent lamps. To compensate for the 6 glass mirror installed on the wall opposite the win- 

difference in store width between front and dow reflects the display to attract people walking 


sections, shelf width in the foreground case is in the “wrong” direction. A small wall-mounted 


18 inches, and 12 inches in the rear case. Five all ease on this side is illuminated from above with a 


ss display eases, each 6 feet long by 15 inches 48-inch 40-watt single lamp channel. Beyond it, 
vide, for counter-top display, use two-lamp 20-watt another display window protrudes through the en- 
-8 showease strips with reflectors trance back into the store. Three 150-watt R-40 

Flexibility in switching makes it possible to ob spots supply punch lighting for this case 
tain various lighting levels and enables Mr. Jen The 6-foot-wide flagstone areaway, created by 

vs to create the effects he desires. Color scheme the recessed entrance, is lighted by four louvered 
for the interior is: white acoustical tile ceiling, downlights equipped with 150-watt R-40 reflector 
pink upper walls, walnut cases and paneling, and flood lamps. The all-glass entrance increases the 
gray wall-to-wall carpeting. Potted plants in dec attractiveness of the store front, by adding the lure 
orative holders, underneath the cove, add a green of the interior to that of the show window area. 
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INSTALLATION AT PHILADELPHIA ELECTRIC CO., 211 SOUTH BROAD ST., PHILADELPHIA, PA. 


Lighting an Executive Office 


LIGHTING OBJECTIVE: To provide several levels of comfortable illumination for the many tasks 


carried on in an executive office. 


GENERAL INFORMATION: This is the office of the vice president in charge of sales for an electric 
utility. Flexibility of lighting is required for the variety of tasks carried on in such an office — 
ranging from informal interviews to business conferences, to reading long reports and fine print. 
The office measures 21 by 1614 feet. Height to the structural ceiling is 101% feet. The room is 


decorated as follows: 


ceiling border white 
plenum above plastic white 

walls green 

floor beige carpet 
desk sandalwood 
chairs tan 


brown 
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Lighting an Executive Office (Continued) 


INSTALLATION: For this office a Wakefield Sigma “packaged” luminous ceiling was chosen. This 


comes complete with lighting channels, plastic and sound baffles. Each section is 4 feet square 


Plenum depth above plastic is 18 inches. Fourteen 96-inch T-12 standard warm white slimline 
fluorescent lamps are installed in seven rows two feet apart. 

The lamps can be switched to give three illumination levels. After 2000 hours use the illumi 
nation levels were 100, 65 and 40 footcandles. With all lamps operating brightnesses were as 
follows 

light chairs 
ceiling border 
acoustical baffles 


luminous ceiling 


Lighting designed by C. W. Rudolph, Philadelphia Electric Co., 211 South Broad St., 
Philadelphia, Pa. 


Lighting data submitted by George T. Anderson, jr., Philadelphia Electric Co., as an 
illustration of good lighting practice and to aid in the design of similar instal- 
lations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
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Factors To Be Considered in the Design 
Of High Output Fluorescent Lamps 


i DESIRABILITY Of obtaining ever in 


creasing levels of artificial illumination, both in 
doors and out, at reasonable cost, had led to the 
necessity of obtaining more and more light from the 
individual light sources. In terms of fluorescent 
lighting, this results in a demand for lamps capable 
of producing substantially greater light output per 
unit length without appreciable loss of efficiency 
It is desirable at the same time to be able to employ 
bulbs of conventional diameter and cross-section 
Some of the problems involved in meeting this de 
mand, together with their solutions, are outlined 
in this paper; the application of these solutions to 
the design of a specific lamp is discussed in the 
Waymouth and 


companion Gunegle 


Homer 


paper by 


Statement of the Problem 


The problem is basically two-fold: first of all, if 
the power input to a fluorescent lamp is raised 
beyond conventional levels, the temperature of the 
bulb wall is increased above 40-45° C 


of mercury vapor is therefore increased past the 6 


The pressur 


10 microns appropriate to maximum efficiency of 
generation of ultraviolet light. Consequently, thé 
efficiency decreases. Secondly, even if the mereury 
vapor pressure is maintained at the desired pres 
sure of about 6-10 microns by artificial means, th: 
efficiency of the lamp still decreases with increasing 
current and power input, as was recently demon 
Jerome.’ A 


prior discussion of these matters is given by Lowry 


strated in our laboratories by C. W. 


Gungle and Jerome in their paper on high output 
fluorescent lamps.* Other data also showing these 


effects were given by Forsythe and Adams.” 


Theory of Production of Ultraviolet 
Radiation in the Discharge 


It has been shown‘ that phosphors in common use 
in fluorescent lamps produce light in amounts pro 
portional to the ultraviolet irradiation up to irradia 
tion densities many times those encountered in 
conventional lamps. The problem of producing 
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High Output F-Lamps 


By JOHN F. WAYMOUTH 
FRANCIS BITTER 
ERWIN F. LOWRY 


Some problems involved in the design of very 
high output fluorescent lamps are discussed. 
The decline of efficiency of a fluorescent 
lamp with increasing power input is due to 
increasing mercury vapor pressure, and to the 
fact that, at constant mercury vapor pressure, 
there is a fundamental “ceiling” to the light 
output. The factors influencing this ceiling 
are discussed, and it is shown that the use of 
neon as a filling gas results in a higher ceiling 
and also in higher efficiency at high power 
inputs than the use of argon. A simple means 
of providing the correct mercury vapor pres- 
sure is described. 


higher light output then becomes that of produc ing 


more ultraviolet radiation. 

As part of our program for improving fluorescent 
lamps, an analysis of the fundamental physical 
factors governing the mercury-rare-gas discharg: 
vas undertaken. The results of this study’ have 
provided us with new insight into the problem 
mentioned above; it is these observations that we 
vish to discuss in some detail in this paper. In 
this analysis, we have considered the interactions 
between a “hot” electron gas and a low pressure-low 
temperature mixture of mereury vapor and one of 
the rare gases. We find that the electron “tempera 
ture” is one of the most important parameters 
ntering into the mechanism of u-v generation. We 
shall not endeavor to present the details of the 
theory in this paper, but will confine our attention 
to the 


portance 


fundamental physical reasons for this im 


In the field of gas discharges, the concept of elec 
tron temperature is one of the most useful as well 
as one of the most difficult to understand. In brief, 


‘lectrons have high velocities because they are accel- 


\ paper presented at the National Technical Conference of the 
Illuminating Engineering Society, September 17-21 1956, Boston 
Mass. AUTHORS: Messrs, Waymouth and Lowry, Sylvania Electric 
Preducts Inc., Salem, Mass.; Mr. Bitter, Massachusetts Institute of 
Technology, Cambridge, Mass. Work done at the Research Labora 
tories of Sylvania Electric Products Inc., Salem, Mass 


Waymouth-Bitter-Lowry 





potential drop along the discharg 


said to have a “temperature” becaus: 


gy efficiently amongst themselves 
llian distribution of velocities 
corresponding to this distribution 
energy of the electrons 
temperature the electrons 
acquired their energy 


etl 


mperatur 


is produ 


nt lan p results fron 


can radiate energy, pring 

e radiatior At very low cor 
electrons and mercury atoms (lov 
low mereury vapor pressure th 
2537A radiation produced is propor 


density of electrons and to the densit 


vapor pressure is increased ai 

density and electron concentration ar 
onstant, the ultraviolet output increases and 
es through a maximum at a pressure of about 
6-10 microns, above which it declines. The reason 
r this behavior is a phenomenon known as “im 
isonment of resonance radiation.” The ultraviolet 
ion produced in the center of the discharg: 

it reach the wall directly, but is repeatedly 
ibsorbed by mereury atoms and re-emitted on its 
to the walls. Each time a resonance photon is 
ibsorbed, there is a finite probability that the ex 
ted mercury atom so produced will lose its energy 
other ways that by re-radiation. The more times 
i photon is absorbed and re-emitted in travelling 
from the center of the discharge to the walls, th 
ater will be this probability. The greater the 


ercury vapor pressure, the more mereury atoms 
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Figure 1. Schematic representation of the variation of 


the output of resonance radiation with electron density. 
Electron temperature is the parameter, all other factors 


assumed constant. 


present to absorb the resonance radiation, and 
greater will be the losses due to this cause 
If, on the other hand, the mereury vapor pres 
sure 1S maintained at its optimum value and the 
electron density inereased by increasing the power 
nput, the amount of 2537A resonance radiation 
produced approaches a “saturation” value which is 
independent of electron density. The reason for 
this is that electrons can de-excite excited mercury 
atoms as well as excite mereury atoms in the ground 
state. Such collisions are called “collisions of the 
second kind.” 
The time elapsed between an electron collision 
exciting a mereury atom and an electron collision 


de-e e it decreases with increasing electron 


When this time is long in comparison to 


density 
the mean time required for the excited atom to lose 
ts energy by radiation, the amount of radiation 
utput is proportional to the number of exciting 


When this 


time is short in comparison to the mean time re 


collisions, or to the electron density 


quired for the excited atom to radiate, the density 
of excited atoms and the radiation output become 
independent of electron density. In this condition, 
the excited states of the mercury atoms are said to 
be in thermal equilibrium with the electron gas. 
Thermodynamically, it can be shown that the 
density of excited atoms depends only on the aver 
age energy of the electrons or the electron “tem 
perature,” provided that the electrons have a 
Maxwellian distribution of velocities 

This behavior is indicated schematically in Fig. 1, 
in which are shown idealized curves for u-v radia 
tion versus electron density for several different 
electron temperatures. The actual behavior in a 
lamp is much more complicated than this because 


the electron density is not uniform in the discharge, 
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Figure 2. (left) 
a function of temperature, computed 
Planck’s Law at 253.7 milli- 
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but has a maximum value at th 
to relatively small values at the walls 
the density of excited atoms will reach equilibrium 
of the long 
the outer surface 


If the 


density of excited mereury 


in the center imp before it does neat 


electron density were uniform, and the 


atoms were the equi 


librium density, walls of the tub 


then the 


right up to the 


resonance radiation power output eould 


be computed from Planck’s thermal radiation for 


used IS the 


fact 


mula in which the temperature to bi 


electron temperature.® Owing to the that ra 
diation and matter are not really in thermal equi 
librium in a plasma, the observed saturation valu 
falls 


puted from Planck’s Law in particular lamps whicl 


for ultraviolet output below this value com 
have been investigated by 50 per cent to 75 per cent 
Fig. 2 shows the spectral emittance as a function of 
temperature at 7A, as computed from Planck’s 
Lau 

The situation may be considered as analogous in 
some respects to that which is observed in the radia 
tion from a tungsten filament. Fundamentally, th 
radiation per unit area of a tungsten filament cd 
pends only on the temperature of that surface; to 
get more radiation, increase the temperature. In 
the “saturation” range of u-vy output from the mer 
cury-rare-gas discharge, the same is also true. To 
get more radiation out, it is necessary to increase 
the electron temperature. 


There is an important difference, however; thi 


temperature of any incandescent filament now known 


cannot be increased past 3655° K, the melting point 
of tungsten. The temperature of importance in a 
fluorescent lamp is the electron temperature, which 
in conventional lamps is already about 11,000° K 
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It can be increased several thousand degrees, by 


means whi h we shall describe 
It has been shown that in the “saturation range,” 
the ultraviolet output becomes independent of elec 


All 


main approximately 


tron density other electron energy losses re 


proport ional to the electron 


density, however. Consequently, the nearer to 


saturation the lamp is driven, the less efficient it 
becomes. This, then, is the fundamental reason for 
the decline in efficiency with increasing power in 
put. It is evident, therefore, that if high light out 
put is to be obtained at high efficiency from a fluo 
rescent lamp, it is necessary to have the electron 
temperature as high as possible, in order to have the 
“ceiling” to the light output as high as possible 


The the 


perature have been described in a previous publica 


factors which determins electron tem 


tion.” The relevant equations are too complicated 
to review in detuil in this report. A partial sum- 


mary of results obtained is shown in Fig. 3, in 
which is plotted a quantity H as a function of elee 
tron temperature. This curve is applicable only to 
the condition of equilibrium between electrons and 
excited atoms which is obtained at 


mereury very 


high electron densities. Among other factors influ 
encing it, H is proportional to the mobility of mer 
cury ions in the rare gas used. An increase in H 
results in an increase in electron temperature, so 
that an increase in the mercury-ion mobility will 
increase the electron temperature. 

The mobility of mereury ions is largest in helium, 
and decreases with increasing mass through neon, 
argon, krypton and xenon. One way to increase the 
electron temperature, therefore, is to use neon or 
helium for a filling gas instead of the usual argon or 
krypton. According to the ideas which have been 
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onstant UV output 


SO Watts 


Temperature 


ror 


Dens ty « os 
Figure 4. A contour plot of u-v positive column watts 
as functions of the electron temperature and density, 
and the relations between these two variables in a 48- 
inch T-12 lamp at one millimeter gas pressure and 6 
mercury vapor pressure according to the 


the ory descr ibed elsewhere. 


microns of 


ollisions between electrons and 


yuunterbalan iin due 
ition value of the light 
throug! 


improve lamp performa! 


nt fill gases have been directed 


iv these losses by USING a heavier raré 


We find that 


electron temperat 


Tr instances 
s on 
it high power input 

ys are reached if a more rigorous 


1 which thermal 


equilib 


undertaken, 
en electrons and radiation is not as 
This has also been done and some of the 
ults obtained are summarized in Fig 

12 bulbs at six microns mercury 

reury vapor pressure and bulb 
t output is a function of electror 


This could be 


limensional plot 


etron temperature 
ans of a three- 
esentation. the contours of con 


mn the three-dimensional surface 


1 as dotted lines. On electron 
known, th 


h T-12 bulb 


electron density ar’ 
olet power output from the 48-1 
determined by interpolation 
electron density and electron temperaturé 


related, as are shown by the solid heavy 


At low por 


ver inputs and electron densities, 


Hi th Outnut F Lam) g 


the electron temperature decreases rapidly with in- 
creasing electron density, as is shown by the curve 
for argon, for example. At higher electron dens 
the electron temperature approaches a value 
independent of electron density. It is shown that 
the lighter the fill gas, the higher the electron tem 
erature. The curves drawn are for one millimeter 


increasing the gas 


pressure 


pressure of fill gas; 
lowers all the curves, maintaining the 
positions 
fo compute the ultraviolet output 
irves for the 48-inch T-12 bulb, knowled 
electron density and the nature of the filling 
needed. The curve of electron temperat 


etron density for helium, for example, 


100 watts u-v output whil 


the 50-watt contour. The 
u-v output for helium and 
be higher than that for argon and KT" 
hese 


de pendence of total 


curves are very useful to ill 


ultraviolet output 


ey tell nothing about 


ictors, but tl 
iltimate efficiency of generation 
rious 


idiation in lamps depends also on 


l 


losses of the electrons such as elastic 


ther energy 
ollisions with gas atoms and other radiation losses, 


for instance. These matters are discuss n the 


xT Sé tior 


Application 
Fig. 5 shows curves of light output versus powe1 
put at fixed mereury vapor pressure for 48-inch 

-12 bulbs filled 


argon, krypton and xenon. 


with two millimeters of neon 


For any given curve 
the electron density is approximately proportional 
to power input, although the constant of propor 
tionality is different for each. The formal similarity 


between these curves and those of Fig. 1 is readily 


J 


T 


— Light Output 


| Krypton 


, a 
50 100 


ee ee eee ee 


— Positive Column Watts — 


Figure 5. Light output versus power input for 48-inch 
T-12 lamps filled at two millimeters pressure with the 


various rare gases. 
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apparent. For positive column power inputs greater 
than 95 watts. the neon-filled lamp produces more 
light than the argon-filled 


lamp. Of particular 


interest also is the fact that the saturation values 


light output increase monotonically as th 
varied from xenon through krypton and 


on. This 
with that shown by F 


variation is in qualitative 


ta shown in Fig 


light 


ds the efficic ney, th 
in Fig. 6. whe output per 


ed as a function of positive 


1 
I eolum}) 


18-inch T-12 lamp. From this, it 
declines much mor 


fficiency rapidl 


ng power input for krypton than for 
rapidly for ai 
behavior ha 
rent tube siz 
values of 
ter gas become 
dependent upon gas pressure and bulb 
The dependence o1 yressul 
ariation of effi 
ferent in each 
‘e on bulb dimension 
ent positive column 


‘his makes the electrode voltage drop a dif 
tion of the total voltage 


eradient in each of tl) 


drop of lamps 


size filled with the various gases 


Mercury Vapor Pressure 


[t was pointed out that these curves were tak 


xed mereury vapor pressure of six to ten mi 


erons, at which maximum efficiency is found. In a 


pres 


sure is obtained by operating the lamp at such 


conventional fluorescent lamp this mercury 


power input that under normal ambient conditions 
the temperature of the bulb-wall is 40-45" C. W1 
lamps are operated at power inputs greatly in ex 


bulb 


‘onsiderable margi! 


f 
*ePSS O] 


normal values, the temperature of the 
wall exceeds the 40-45°C by a 
and the vapor pressure of mercury in equilibrim 
with the bulb walls is much larger than the opt 
mum six-to-ten micron range 


We have 


micron mereury vapor pressure, 


found that, in order to maintain a 6-10 
it is not necessary 
that the temperature of the whole lamp be at 40 
15° 
coo! spot be 


but merely that the temperature of a small 
40-45° C. 


lan p then condenses at 


All the excess mereury in th 
that spot and the vapor 
pressure of mereury in the lamp becomes that cor 
responding to the temperature of the coolest spot 
It is surprising that this should be true even in 
the presence of inert gas at much higher pressure 
and in a long tube, because the diffusion of mereury 
vapor is slow under such circumstances. Nonethe 
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— Light Ouput per Positive Column Watt 


— Positive Column Watts -> 
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Figure 6. Light output per watt as a function of positive 

column power input for 48-inch T-12 lamps filled at two 
millimeters pressure with various rare gases. 


less. we 


have found that maintaining an area far 
less than one per cent of the lamp’s total surface 

temperature will maintain the 
when all the 
The 


cool 


yr pressure eve 


or hotter 


lamp surface is at 80” ¢ 


lamp often are suitable for the 


spot The use of a cool spot as deseribed in greater 


detail in the companion paper, is very 


mportant 


not only to tl ficient operation of lamps at high 


power loading, but of normal lamps which run too 


hot for other reasons, such as a high ambient tem 


perature or inadequi circulation 


Summary 
We have demonstrated that it is possible to obtain 


substantially higher light ontput per unit length 


of a fluorescent lamp. Despite the length of the 


sence of inert gas, the effect of high 


tube and the pr 


mereury associated with 


bulb-wall ten 


proy iding a sina 


vapor pressure usually 


high peratures can be overcome by 


ll “eool spot” in the lamp. The loss 
in efficiency associated with increased power input 
can be considerably minimized by the use of neon 


In the 


ompanion paper, the application of these ideas to 


as a filling gas instead of argon or krypton 


the design of high output fluorescent lamps will be 


onsidere d 
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Operating Parameters 
Of High Output Fluorescent Lamps 


venerab 


fluorescent lamp is inherent 

For many, and indeed for 
lighting applications, this is highly 
of the properties 0 


esponsibl Teor 


nportant appl a 


rightness of the 


soures 


industrial 


lizhting, 


For high bay 


eilings and for street higher 


normally furnished 


es than those 


ent lan ps are 


liability has led to work in 
| toward understanding the 


al reasons for the relatively low 


f fluorescent lamps 


which has been in progress for the past 


discovery that one of 


produ 


ars, has led to the 
nportant factors influencing t 

violet radiation by the merecury-rare 
ge is the average energy of the electrons 
discharge current. As discussed in the 
er by Waymouth, Bitter and Lowry,’ it 


tron energy, or electron tempera 


was also 


substantially increased by the use of 


filling gas instead of argon or krypton 


electron temperature, lamps 


fill gs ave greater efficiency at high 


lamps filled with argon or 


Input 


‘he further discovery that mercury vapor pres 


sure in a heavily-loaded lamp can be maintained at 
about 6-10 microns, simply by providing one cool 
spot at 40°C on the lamp, made it possible to de 
velop a new line of high output lamps yielding 
much greater light output per foot of length than 
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any existing fluorescent lamp. These lamps will bi 
referred to in this paper as VHO lamps; the initials 
Very 


Table I shows light output 


stand for their most salient characteristic 
High Output of light 
per foot and efficiencies of various types of whit: 


fluorescent lamps, for the purposes of comparison 


TABLE lt. 


Light output 
per foot Efficiency 
Lumens Ipw 


\ttention Is especially called to the fact that the 
the VHO 


from the 


1630 lumens per foot obtainable from 


lamp is nearly double that obtainable 
96T12 100-watt Rapid Start and two and one-hal} 
light from the 96T12 


The purpose ot this paper is to deseribe 


times the output obtained 


slimline 
the application of these principles, mercury vapor 
pressure control, and the use of neon, to the devel 


opment of this lamp 


Gas Filling 
high 


power inputs, the use of neon as a fill gas gives 


As diseussed in the companion paper, at 


greater efficiency than argon or krypton. An addi 
tional point to be considered involves the electrical 
characteristics of lamps filled with these gases 
Table II gives these electrical characteristics for 48 


inch T12 lamps filled with 2.0mm of the various 


TABLE Il — Electrical Data for 48-inch T-12 lamps 
operating at 100 watts and having controlled 
mercury vapor pressure-gas fill pressure 2.0mm. 


Fill Gas Current Voltage 


Helium 0.4 amp 415 
Neon 1.21 99 
Argon 1.90 60 
Krypton 2.65 19 
Xenon 3.60 a5 
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rare gases, operated at 100 watts. We wish to make 
a particular point of the fact that the neon fill gas 
results in a lower current and higher voltage at 
100 watts than does argon. This means that a 
simpler electrode structure can be used 


Table III 


various characteristics 


Some additional data are shown in 
giving a comparison of the 
of 96T12 lamps filled with neon and argon to 1.0 mn 
pressure operating at 200 watts. The mereury vapor 
pressure 1n these lamps was maintained in the range 


of 6-10 microns 
rABLE Ill. 


Fill Gas G Pressure Ampere- Volts 


‘ 


Lumens 


The characteristics of a 2.0mm argon 
rapid-start lamp operating at 200 watts ar 
given. The mereury vapor pressure in this 
was controlled by the bulb wall temperature onl) 
and is probably of the order of 100 microns. TI 
data were obtained on new lamps after two hou 
burning to stabilize the electrical and optical 


acteristics 


Mercury Vapor Pressure 


fluorescent lamps 


The most efficient operation of 


IS obtaimed at a mereury vapor yore SSTLT'¢ ot about 


‘ 


six to ten microns. which is the 


Vapor pressure oO 
mereury between 40 and 45°C. The temperature of 
the bulb-wall in these heavily loaded lamps is very 
much higher than this, but proper vapor pressure 


can be obtained by cooling a very small fraction of 


the bulb surface to 40°C. In a short time, all excess 


this. the coo!) 


mereury in the lamp condenses upon 


est spot, and the vapor pressure in the lamp be 
eomes that corresponding to fs 
1O- Cc 

We hav: 


given area of a lamp 


temperature ol 


found two effective means of cooling a 
These are ] 


rate of heat dissipation from a given spot by means 


increasing thi 


of metallie or heat-conducting contacts to the bulb 
which can remove heat at a faster rate than air 


convection : and 2 


decreasing the rate of heat flow 
to a specific area from inside the bulb to the poimt 
where air convection will cool it to the proper tem 


Methods tried in the 


types of 


perature former category 


have included various radiating fins 
clamped or cemented to the lamp, in such a way 
that the area of contact between fin and bulb was 
at 40°C 


aluminum rod and the T12 bulb lowered the tem 


A single point contact between a 14-inch 
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Meth 


ods in which the heat conducting contacts were an 


perature of the condensed mercury to 40°C 
integral part of the fixture have also been found to 
be very satisfactory. A particular advantage to 
these last is the ease with which thermostatic con 
trol may be built into the heat conducing contacts, 
so that lamps may operate at maximum efficiency 
over a wide range of ambient temperatures 

The second method of reducing the temperatures 
of the cool spot has the very definite advantage 
that no additional external apparatus is required 
essary ballast, the lamp is sel! 
contained. For that reason, this method has bi 


use in VHO lamps. We have 


that the ends of the 


Except for the ne 
idopted for foun 
lamp are a very satisfactor) 
place for the cool spot, and that by suitable desim 
of the lamp mount the ends can be caused to operat 
at the desired temperat 
imbient of 25° ¢ 


VHO 


ting shield or 


The particular desig n in the 
lamp types is a circular m 


shields mounted between trodes and the 
lamp ends. The purpose of these shields is to pre 
ent radiation from the heated filaments striking 
the bulb near the base, and to break up convectii 

filaments so 


This 


irrents in the heated gas about the 
they do not carry heat to the ends of the lamp 
vives in effect a small cool Spot at the bulb end 
Some 


IV for 


distance from the end of the bulb, for operation at 


temperature data are presented in Tabl 
a single shield mount as a function of the 
25 watts per foot. A drawing of this mount stru 


ture is shown in Fig. 1. The dimension x shown in 


the figure corresponds to the dimension x in the 
table. The distance between the shield and the fila 
nent was maintained constant at 10 mm for data 
presented in the table. The temperatures given in 
the table were measured at a point one or two milli 
meters away from the base with the lamp burning 
horizontally in still air at 25° ¢ 


TABLE IV. 


Distance x End Temperature 
mm Cc) 


A photograph is presented in Fig. 2 of the end of 
a VHO lamp 


out phosphor coating so the condensation of met 


The end of the bulb was made with 
ury after a short burning period is clearly visible. 


Stabilization of Lamp 

Upon initiating a discharge in a fluorescent lamp 
the light output and electrical characteristics of the 
device are not constant. A first they change rapidly 
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Figure 1. (Cleft Drawing of mount structure for a 
25-watt per foot VHO lamp. 


Figure 2. (right) Photograph of end of a 25-watt 


per foot VHO lamp showing condensed mercury. 


Upon evaporation of all droplets of mercury in 


the vicinity of the are stream and their condensa 


tion at the ends of the lamp, the vapor pressure 


throughout the lamp will be determined by th 
emperature of that chamber, which is the coolest 
part of the lamp, despite the long tube and the 
presence of an inert gas. At this point in the stabil 


zation period, the emitted light is increasing as the 





‘ry are distributed 


the lamp. When the lamp 


OQ)” ¢ T) 

spondingly, and 
for maximun 
? 


eration of 2537 radiation, result 


amount of emitted light. With i 





y vapor pressure, the effective ri 
lamp decreases, resulting in an in 
nt and decreasing voltage drop as 
: ee eS 
. 1. 7 : 

age is maintained. Since the lamp is . ~ TIME — MINUTES 


oO nave i end té erat ‘e of about ea) . _— 
to ha in end temperatut f about 4 Figure 3. Light and electrical characteristics of a VHO 


ury vapor diffuses through the inert gas to the lamp operating at constant wattage during period of 
f the lamp and condenses. stabilization. 
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apor pressure approaches the value of 6-10 
rons. In addition, the effective resistance of 
nereases, resulting in a lower lamp 

her voltage drop 


are qu iluable in 


tabilization is complete, and t! 


ry temperature | orrect 
th of the period of stabilization 
t by four factors. T} ea pec ce ii | isa ntrolling ‘ or tor 
ty and distribut of mercury th a atio il ‘ith this advan 
constant 
ature diffe: 
1 and end sect 
input into tl 
the filament Vv vay as | 
of fill gas the en yr t p, the varia of light 
ictor determines im nd electrical parameters upor lighting is 
transported t ) more inced an for any nventional 
| abuse « 
ry droplets 


Effects of Ambient Temperature 


iterially affected 
The VHO type 
ffect on light output 
costintiied: atinns wlll tine dinidiiiins ficiency for the VHO lamps is shown in Figs 
is essentia > and 6 xr the 96T12 rapid start lamp 
re given it igures for comparison purposes 
Fluorescent la are usually designed to yield 
maximum light output in the ambient temperature 
range of “I. For temperatures above and 
below this maxi n the generated light decreases 
Referring to Fig. 5, the VHO lamps yield maximum 
light for an ambient of 80°F. This is about 5°F 
higher than the maximum for the 96T12 rapid start 
lamp. The relative light yield of the VHO lamps 
for the high temperature side of this maximum is 
as good as for the rapid start lamp. On the low 


temperature side, the relative yield is significantly 


Figure 6, which is a plot of efficiency in per cent 


TABLE V — Comparative Fixture Data for 96T12 RS 
Lamps and VHO Lamps (96T12 200 watts). 


Ambient Ratio of Light Outputs 
Temperature 96TIZRS:VHO 96T12 
Fixture Typ« F) 200 watts 
TIME min re , Bare Lamp 
. ; Louvered Trimline 
. . “er Slotted Industris 
Figure 4. Light and electrical characteristics of a VHO . ~ aemal _ sonent) 
lamp operating on a constant-current ballast during Plastic Trimli: 


. re . | 
period of stabilization. IC! 
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EMPERA 


Figure 5. 
for VHO and 96T12 rapid-start lamps. 


lata are pre 
the T12 rapid start 


m the same 
6HT1TZ POO 


96T12 200 1 


uphasized, however, that the 
temperature of the air in whic! 


: therefore adequate ventilation 





eS ee ee 
50 joo Ly 
TEMPERATURE — °F 


Figure 7. Variation of starting voltage with ambient 
temperature for 2—48T12 and 2—96T12 VHO lamps 


operating on rapid-start series ballast. 
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Variation of light with ambient temperature 
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Figure 6. Variation of luminous efficiency with ambient 
temperature for VHO and 96T12 rapid-start lamps. 


the fixure must be provided if satisfactory oper 
ation is to be obtained. These lamps operate at se\ 
ral times the light output and power level of pr 


ious lam} f 


s and correspondingly greater heating o 

the air in fully enclosed or troffer fixtures should be 
xpected 

Ambient temperatures not only affect the light 

ield of a fluorescent lamp but also the lamp’s start 

Curves of this variation are given in 

The upper curve in this figure 

"6T12 VHO lamps operating on a rapid-start series 

type circuit and the lower curve is for 2-48T12 

VHO lamps operating on a rapid-start series typ 

ircuit. These curves are similar in nature to that 


for other rapid-start type lamps. It should b 


noticed that reliable starting can be obtained for 2 
n-series 48T12 VHO lamps at 340 volts for ambient 
temperatures as low as O° F. For 2-in-series 96T12 
lamps, reliable starting at 0° F can be obtained for 
960 volts. The open circuit voltage crest factor on 


these ballasts was 1.4 


Still Higher Light Output 


The method of controlling condensed-mercury 
temperature which we have described in this articl 
has a great advantage that has not been touched on 
as yet. That is the fact that the cool spot tempera 
ture can be made optimum, for any desired power 
input, by suitable changes in electrode design. One 
of the greatest obstacles to increasing power input 
to fluorescent lamps in the past has been that mer 
cury vapor pressure was inexorably connected to 
in effect, 


mercury vapor pressure and power input are now 


power input. That is all changed now; 


independent variables. 
It is plain that the application of this develop 
ment does not stop short at merely double the 


power input of previous fluorescent lamps. For 
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example, we have made lamps which operate at fifty 
watts per foot and give efficiencies in excess of fifty 
lumens per watt. Table VI shows data on light out 
put and efficiency of 48T12 and 96T12 lamps oper 
ating at this power level. Neon is used as the fill 
gas; reference to the paper by Waymouth, Bitte: 
; ighter fill gas gives 


and Lowry' shows that the 


greatest advantage at higher power inputs 
TABLE VI. 


Power Lumens 
watts 100 hrs 


These lamps are compe 
efficiency with high-pressur 
They deliver more light output per unit 
any low-pressure fluorescent lamp ever mad 


woe! 


Summary 


Using the principles which have been outlin 
the paper by Waymouth, Bitter and Lowry 
have shown that it is possible and practi 


double and even quadruple the amount o 


obtainable from a given fli 


lores 
achievement of these levels of light output 

clencies comparable to conventional lamps at 
odds with previous beliefs as to fluorescent lamps 
With these new lighting tools, fluorescent lighting 
will be more attractive for street lighting and high 


bay lighting. For conventional fluorescent applica 


tions, a smaller number of fixtures will be required 
to obtain a given light level using these lamps, r 
sulting in a reduction of initial cost and maint 


nance cost for the installation 
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DISCUSSION 


desit 
inces. One 
sufficient number of lamps 
f lamp brightness 
illumination In all 
effort to produce higher 


low brightness sour 


ination leve ! an inherently 


methods is obvious. The higl 


inefficieney 
lamps is lost in the shuffle of high 
temperatures, high percentage of trapped light, 
As a result, the customer does not profit from the high 
rating. Much ean be done to overcome such conditions 
roper usage the brighter VHO lamps. In proper 
designed luminaires, the higher ratios of lumens per 
will more than offset the currently lower ratios 
customer can be given more illun 


per watt and the 


where he needs it 

} In Item III, “Mereury Vapor Pressure,” it is note: 
that the cool spot is fixed at the desired 40C temperature, 
in order to provide maximum lumen output by suitably 
designing the lamp mount. This applies to laboratory con 
ditions of the bare lamp operating horizontally in still air 
at 25C ambient. If it will be agreed that bare lamp instal 
lations of these higher brightness lamps will be relatively 
rare, and that the ultimate success of a lamp design de 
pends upon its performance in luminaires designed for and 
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the ballast was called upon to 
8-foot lamps. This amounts to 18 


f which goes 


mensions 


General 
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ferent means. The uniqu 
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erature 


ssure mer< 
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us heen known for the 
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: : terpret , was the fact that we could inere 
recovery, i 


ist our 
expense of 1 ; yy the use of these other gases. It is this combin 
two features which, T think, 


makes this a unique lan 
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imagine that the authors are worki 
» eliminate 


ng on various 
minimize this effect 


or Perhaps a dif 
ferent type of shield construction or the use of amalgams 


“Fluoreseent Lighting” (edited by C. Zwik 
as shown that for a given current, 
por pri tube diameter 

luorescent 


merc 
ind rare-gas pressure, the 
lamp life 1s shorter for neon filled 
gon mps 


lamps than 


whether or 


This causes on 


ippues to VHO 


to wonder not 
imps and t 


genera 
for this lamp type 
ince data are conspicuous by their absenes 
iscoloration may | 
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ese two 
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100-watt 72-inch street lighting 
less noticeable because it will 
na region of the bulb which is not brightly lighted 
near the cool ends 

Lumen maintenance. Our tests show that 3000-hour 
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curve Of mercury pressure versus pow‘ in 
By contrast, the method used in the VHO lamp p: 
mercury pressure and power input to be independent 
ables. The limitation recognized by Buttolph has bee 
tered. By suitable changes in mount design, the condensed 
temperature, and hence mereury pressure, can 
timum at any desired value of power 
ilb diameter. Only a further ma 
would permit the power-groove lam; 


spor pressure it 


Illuminated Magnifier for the Near-Blind 


For many aged and other’  visually-handicapped 
people, reading can be difficult, if not impossible, how- 
ever good the normal lighting might be. The device 
shown was developed originally to accommodate just 
such a person, a friend whose aged eyes had almost 
totally failed. Increased general illumination was tried 
first, but for these eves had a visual “fogging™ effect. 
Subsequent attempts to aid the old gentleman’s feeble 
vision led to the development of the device shown in the 
drawing. Two 4-watt fluorescent lamps, placed as shown, 
provide about 350 footeandles on one er two lines of 23 
type, which are at the same time magnified. The device BAFFLES 
has enabled this near-blind person to read the relatively 4-WATT STANDARE 
COOL WHITE 
FLUORESCENT 
solution to a lighting problem by Floyd Sell, Detroit 2}" 
Edison Co., Detroit, Mich. 


small print of his favorite magazines. Developed as a 


aay cnach bs dronger thar be recreating + peotants whe & bp 
bath of the selling job We nad s tow facta! tram at Conegs: Tack thi 


Illuminated magnifier in operation. 
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INSTALLATION AT PROSPECT HEIGHTS, ILL. 











CAMP MCDONALD ROAD 


Lighting a Shopping Center Parking Lot 


LIGHTING OBJECTIVE: To provide an attractive parking lot with appeal to passing motorists and 


to enable those using the area to locate their automobiles easily and safely 


GENERAL INFORMATION: This shopping center is located beside a main highway. The 240-foot 


by 106-foot parking area is paved with black top. A street parking area is adjacent on one side. 


INSTALLATION: An average illumination level of 4 footcandles is provided by three Revere Electric 
Manufacturing Co. Ultralite units #5440 mounted 34 feet high and spaced on 70-foot centers. 
Each luminaire is equipped with four 400-watt E-H1 mercury lamps. The controlled beam from 
the street lighting refractor produces a good shielding angle with high utilization and a square 


vattern of light 


Architect: Jens }. Jensen, 110 South Dearborn St., Chicago, Ill. 


Engineers and Contractors: Berry Electric Contracting Co., 2045 West Lake St., 
Chicago, Ill. 


Lighting data submitted by Wallace W. Weld, Revere Electric Manufacturing Co., 
Chicago, as an illustration of good lighting practice and to aid in the design 
of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 


Series XXII 5-57 
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General illumination from the valance 
provides indirect lighting from ceiling 
and drapes. Accent lighting is from the 
lighted china cabinet at the right, built- 
in and concealed from casual view. 
Sparkle is added by a recessed pin-hole 


downlight over the table. 


Detail of a valance, giving both up and 
down light. The lamp should be located 
at least four inches from the surface to 
be lighted. This same dimension is com- 
monly used for lighting curtains and flat 


wall surfaces. 





With heavy lined drapes, a special construction is neces- 
sary to allow the light to flow down the front of the 
drapes, which hang three to four inches from the wall. 
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Designed 


1— General Illumination 


LIGHTING ean be designed to make our homes 
more livable and beautiful. To achieve this, we 
must study the function of a house to plan sufficient 
We must 


lighting 


levels of illumination in the right places 
study the style of a house to make the 
blend with it and seem a part of it. We must study 
the furnishings to enhance them. 

There are two basic forms of light which can be 
combined in varying degrees to produce comfort 
able and satisfying interiors: general light and 


aecent light. General light should be diffused and 


"| Ye" STEEL STRAP 
_-7 ON 48" CENTERS 


t — SS . 
A~_ & 100 ~ 
) ~~ SHIELD ’ 





Strip is mounted on valance board and supported with 
\4-inch steel straps on approximately 48-inch centers. 
In photo at left, pin-hole spot provides accent over table. 
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i popular means of having general re- 
flected lighting today is by lighting walls. 
In addition to wall lighting, this room has 
a cove to light the ceiling (not turned on 
in this photo) and recessed downlights 
over the furniture groupings to give ac- 
cent. Each of these three systems is 
switched separately and dimmer con- 


trolled in a projection room to the left. 


Lighting in Homes 


By RUTH PATTERSON 


partially reflected by floors, walls and ceilings. It 
should soften harsh shadows. Accent light focuses 
attention. It is the light on a picture or a planter, 
or the puddle of light around a chair. Because we 


use our homes for such a wide variety of purposes, 


Sometimes owners, decorators, or architects do not want 
an 8-inch board extending below the ceiling. In this 
ease the light may be recessed. A 5-inch wide trough is 
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we must combine and control these two kinds of 
light individually to meet varying needs 
In the examples shown here, of new and remod- 
eled residences, general illumination is predomi- 
nant. In a future issue of I. E. installations showing 
accent lighting will be featured 
Based on a paper presented t the tesidence Lighting Forum at 
» National Techni nference of the Illuminating Engineering 


ty Septen 


Co Dallas, 


built to conceal a single row of fluorescent lamps. The 
box, 5 inches wide by 5 inches deep, has a glass or cast 


plastic louver as a diffuser at the ceiling line. 


Patte rson 





Another type of indirect lighting is from the ceiling or 
cove lighting. Cove lighting creates a more formal at- 
mosphere, and is also sometimes more difficult to use 
in modern homes where ceilings are low and tops of 
windows high. Brick veneer has been added to the walls 
and a cove installed 15 inches from the ceiling in this 


remodeled living room. 


Cove lighting, in a contemporary structure, is installed 


with a slanting ceiling, resulting in greater uniformity. 
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CEILING 


TOP OF COVE MUST BE AT 
LEAST 12 FROM CE LING 


je ------------ 
4 


TOP OF LAMP 
SHOULD BE LEVEL 
wiTH TOP OF 
COVE. A SHINGLE 
MAY BE USED 

TO RAISE STRIP 











Cove was built of walnut molding to match the paneling. 
Iwo points which must be observed are: lip of cove 
must be at least 12 inches from the ceiling, or light will 
create a hot spot just above the cove but will not carry 
out across the ceiling; also the top of the lamp must be 
level with the top of the cove. Light source should not 


be visible. 


Accent lights are used close to the far wall to emphasize 
the rough texture. 
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in Homes 


All four walls of this bedroom have coves 
on dimmer control, for various illumina- 
tion levels. Three good portable lamps, 
two at the bed and one at the chair at 


left, provide accent in the room. 


In a model home* recently built in Texas, 
clerestory window on one side of the 
living room balances a complete wall of 
sliding glass panels on the opposite wall. 
A cove, located just below the clerestory, 
provides uniform indirect lighting over 
the room. Portable lamps supply accent. 
Cove is about four feet from the ceiling. 


*A Pacesetter House, sponsored by the Dallas 
Power & Light Co., and the General Electric 
Lamp Divisieon for House Beautiful Architect 
Harwell H. Harris, at that time Dean of the 
School of Architecture, University of T»xas 
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This dressing room has mirrors almost 

solid on three walls. A combination of 

direct and indirect lighting is used: 

standard fixtures furred in at the top of 

the doors, leaving enough space above 

for a cove to light the center of the 
ceiling. 


Designed Lighting in Homes—Patterson 





In the dining room of the model home, 
two hollow beams, running the length of 
the room, each conceal four 100-watt 
lamps. Ceiling has high reflectance finish. 
Luminous ceiling above pass-through to 
the kitchen is lighted from above by two 
100-watt lamps in 24-inch deep cavity. 


Kitchen has a window wall above the work 
counters at the left, and a clerestory pro- 
vides balanced daylight on the other side. 
indirect lighting is from the closed por- 
tion of the hollow beams (48 inches on 
centers) and downlight through plastic 
louvers on the underside of the beams. 


Far wall is lighted by a continuous valance 





ind work lights are concealed over the 
surface cooking units. 4 continuous 
lighted soffit provides 40 footeandles on 


work counter and sink at left. 


Entrance walkway is lighted by hollow 
beams containing 40-watt lamps on 48- 
inch centers. Floodlamps mounted in the 
garage, at left, are aimed through a lou- 
vered wall to light the green ground cover. 
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Phosphors for High Pressure Mercury Lamps 


D, RING the past decade the high pres 


sure mercury vapor lamp has become a light sour 

of rapidly increasing importance both for outdoor 
lighting and for indoor industrial lighting. His 
torically, some attempts were made early in this 
century to use mercury vapor lamps for lighting 
However, the first practical high pressure lamp was 
developed in Germany in 1931 when it was estab 
lished that heated cathodes combined with use of 
an accurately measured amount of mereury gav 
stable electrical characteristics. The possibilities ol 
this light source were seen at once and since the 
initial incubation period there has been a steady 
acceleration in lamp production and in the variety 
While the 


white mercury light is no stranger to the lighting 


of types available. present day blue 
engineer, complete acceptance by the public has 
been less rapid because of color distortion. 

The visible radiation from the HPMV lamp con 
sists almost entirely of the line spectrum of mer 
36, 541 and 578 


millimicrons. The color rendition’ is fairly satis 


eury with intense lines at 405, 


factory for deep blue, green and yellow objects, 
somewhat less satisfactory for blue green and ex 
tremely poor for red or purple objects, which b« 
come brown or blue in hue 

This deficiency in red was recognized almost 
immediately and attempts were made to correct it 
in various ways. One effort was the use of cadmium 
amalgam instead of pure mereury. The cadmium 
spectrum from the are contributed some added 
lines in the blue, green and red which gave some 
color correction but did so at a considerable sacri- 
fice in efficiency. Another effort was the use of a 
sulfide phosphor coating on the outer jacket of the 
lamp. A lamp combining these methods was mar 
keted in England for some years. A third effort to 
correct the red deficiency was the use of a tungsten 
filament source as an integral part of the mercury 
lamp. 

From these early efforts in correcting the red 
deficiency it became increasingly obvious that spe 


A paper presented at the National Techn Conferer 


Illuminating Engineering Society, September 17-21, 1956, B 


Mass AUTHORS Sylvania Electric Products Inc M 
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By M. J. B. THOMAS 
K. H. BUTLER 
j. M. HARRIS 


ial phosphors had to be deve 
rescent powders could not » used 
these lamps. A better understanding 
lem of color correction requires some knowledge o 
the construction of the HPMV lamp 
whole spectrum of radiated energy bi 
quirements for a suitable phosphor 
ized 

With few exceptions, the HPMV 
this country use a quartz are tub 
ultraviolet radiation down to approx 
This quartz are tube is supported insi 
jacket filled with nitrogen. When the lamp is oper 
ating the nitrogen pressure is approximately atmos 
pheric. This outer jacket becomes quite hot when 
the lamp is operating, reaching a temperature fron 
150° to 350°C depending on fixture design and 


lamp wattage. 


Spectral Energy Distribution in the 


HPMV Lamp 

In addition to the visible line sp HPMY\ 
lamps made with a quartz are tub 1 larg 
amount of ultraviolet energy, whi 
verted to visible light, by the use 
Data in Table I and Fig. 1, summarized from E] 
baas,” show that a 250-watt HPMV lamp has a total 
of 33.6 watts of ultraviolet energy, divided 
8.00 watts of energy below 260mp, 15.40 watts of 
energy between 260 and 320myz and 10.20 watts of 
energy between 320 and 400mp. By comparison thi 
visible lines contain only 21.44 watts of radiant 
When considering 


the utilization of the ultraviolet energy by phos 


energy as shown in Table II 
rABLE Il. 


Equivalent 
Lumens 


Energy Equivalent 
600m, Energy 


Wavelength 
Range in Band 


19 


elow 2¢ 


260-280 
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Line spectrum of HPMV lamp. 


ent energy at any 
gth can be calculated by 
ultraviolet energy by the 
the ratio of the exciting 
emission wavelength. Thus, data 
watts of 600myz orange red emis 
third column of Table I and 
f visible light would be 
plete conversion of the ultraviolet 
250-watt lamp. For other sizes the 
what as the u-v output depends on 
ial radiant energy of a light source 
tance in determining its efficiency, 
the factors to be considered. From 
f color rendition the distribution of 
igh the visible spectrum is als 
entration of the radiant energy 
np in three lines (blue, green and 
olor distortion 
‘ts is determined by the relative 
wavelengths in the reflected 
eflect blue and absorb greer 
amount of blue light in the 
determines their appear 


ons hold for all colors, so for 


rABLE Il. 


Energy Equivalent 
in Line Lumens 


good color rendition, the source should have light 
of wavelengths which will be reflected by the object. 
The almost complete lack of red in the clear mer- 
cury lamp results in severe distortion of appear- 
ance for orange, red and purple objects 

In addition to radiant energy distribution in the 
source the varying sensitivity of the eye to differ- 
ent wavelengths must be considered. From the 
luminosity curve® it is apparent that the lumen 
efficiency of a source is greatest when the emission 
s concentrated in the middle of the visible spec- 
trum. Therefore, the radiant energy must be cor- 
rected for the varying eye sensitivity by the use of 
lumen output as a measure of the light emitted. 

The third column of Table II shows the relative 
lumens produced by the visible line spectrum, The 
fourth column of Table I shows the lumens the- 
oretically possible if all the ultraviolet energy could 
be converted into orange red light 

There are twe points of great interest in these 
data. First, the blue lines of the mercury spectrum 
contribute very few lumens even though they have 
43 per cent of the total visible energy in watts 
Second, if all the ultraviolet energy could be con- 
verted into orange red light the total lumen output 
of the lamp would be nearly doubled. However, 
this theoretical figure can never be quite realized 
because the quantum efficiency of phosphors is al 
ways below 100 per cent and also because the phos- 
phor coating will absorb some of the visible light 
from the are tube. Even allowing for these losses, 
it would be still possible to gain 50 per cent to 65 
per cent in lumen output if suitable phosphors 


were available 


Phosphor Requirements 


In the past twenty years tremendous gains have 
been made in fluorescent lamp performance by 
phosphor improvement. These phosphors were de 
veloped to meet specifically the demands placed 
upon them by the low pressure discharge. These 


requirements can be stated simply. 


1. They must respond efficiently to 254maz radiation. 
2. They must be stable to the effects of 185 and 254myz 
radiation and to the effects of mercury ion bombard 
ment 

They should have broad emission bands since good 
color rendition is required in most applications of 


fluorescent lamps 


By their very nature these efficient phosphors 


cannot be effectively used in HPMV lamps where 


the requirements for phosphors are quite different 


For full utilization of the potential value of phos- 
phors in the HPMV lamp the following unique re- 


quirements must be met 
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rhey must respond effic 
iltraviolet wavelengths, 
365mu being especially 
They must retain high 
vated temperatures. 


They must be 


temperatures 
effects of ultraviolet and hemically a 
in the amp envelope. 

They should have a s 

sion in the long wavel 

color rendition of reds 


yuld emit 


Sulfide Phosphors 


The first phosphors tried in HPMV lamps were 
zinc-cadmium sulfides, activated by silver or cop 
per which can be made with a wide range of emis 
sion colors.* To obtain a reasonable amount of red 
emission it is necessary to have a considerable 
amount of cadmium sulfide in the composition 
This introduces a strong absorption band in the 
blue and as a result the phosphor coated lamp b« 


comes deficient in blue. Other difficulties with the 


use of sulfide phosphors arise from their poor 
stability when exposed to ultraviolet below 340mz 
and also from their rapid loss of fluorescent effi 
‘iency at high temperature.® This last defect makes 
it necessary to use an oversized outer jacket on th 
lamp to reduce its temperature to the 


operating temperature of the phosphor. 


Manganese Activated Phosphors 


The obvious deficiencies of the sulfides soon in 
spired a search for other possible materials and 
there has been a gradual development over the last 
ten years of several useful phosphors containing 
tetravalent manganese as the activator. These in 
clude the titanate, the arsenate, the germanate and 
All of these phos 
phors show emission in several very narrow bands 
in the deep red (640 to 680mu 
effectiveness of the deep red emission from these 


the antimenate of magnesium 
Since the visual 


phosphors is very low, the lumens contributed by 
the phosphor coating are not sufficient to overcome 
the loss on lumens caused by absorption of th¢ 
mercury lines by the coating. Hence lamps made 
with these deep red emitting materials have a lower 
lumen output than lamps with a clear glass bulb 
The color rendition for reds is greatly improved 
but, in general, the rendition of blues and blu 
greens is less perfect since all of these phosphors 
absorb the blue line of the mercury spectrum to 
some extent. A very brief description of the four 
phosphors is included here to allow comparison 
with more recent developments 


High Pre SSUT'é 
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The fluorescence of magnesium ort 
been described by Kroeger.® It can 
wavelengths between 280 and 520n 
fficiency of 55 per cent at 325myz 
ilue light is decreased appreciably 
absorption band and there is also 
of the green and yellow emission lines 
[he preparation is rather difficult with a 
iring cycle being required. No practical 
been made of this phosphor. 

Magnesium germanate, activated by 
manganese, which was originally reported 
srens,’ is a much more efficient phosp] 
titanate and was the first material us 
orrected HPMYV lamps in this country. The prop 
erties of a modification of this phosphor, in which 
a higher proportion of MgO is used in the prepara 
tion, have been described by Kroeger.* A further 


is used to replace part 


modification in which MgF>» 
MgO is described by Thorington.® 


iany of the properties of this phosphor a1 xee 


of the 


nt it uses a very rare metal, germanium, in 
composition so that its cost is very high and the 
future availability is questionable. The lowering of 
lumen output, mentioned above, has also been a 
hinderance to its usefulness. 


Another important phosphor activated by tetra 


reported 


valent manganese is magnesium arsenat 
by Travnicek. The properties of this phosphor have 
been described in several papers.’ "! 
vermanate, this phosphor also decreases lu 
put in color corrected lamps, gives excellent 
rendition with some sacrifice in rendition for blu 
and blue greens. The availability and cost are sat 
factory, but the composition is highly toxic due 
the large amount of arsenic present. A more s 
ous defect is the lack of chemical stal lity at | 
temperature which limits the use to 100- and 17 
watt lamps where the bulb temperat is al 
for tl 


200° C, as compared to 300°C 


age lamps. Even in these low wattag 
‘ial fill gas containing COs is needed 
‘“ause oxidation of the mount structurs 
A fourth phosphor activated by tetrav: 
ganese is magnesium lithium antimonate, 
by Ranby.?* It resembles the arsenate a1 
nate both in excitation and emission properties and 
in composition, since there is a high ratio of mag- 
nesium and lithium to antimony. The availability 


and cost of raw materials are satisfactory and tl 


phosphor has low toxicity. Its response to the whol: 
ultraviolet spectrum is quite good, though less effi 
cient than the germanate. The temperature de 


pendence is also poorer which limits its usefulness 
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excitation spectra 
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phosphors activated by tetra 


ex “ate activated by 
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d by Gooding and McKeag."* 
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id a narrower band in th 
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wn in Fig. 3 
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oth blue and red color rend 


and availability are satisfactory but 


valent cerium as activator makes 


ult to handle in the manufacture 


Possibly is has prevented the intr 


Ss phosphor for color correction 


of all of thes 


emission and excitation spec 


manganese activated 
nd their 
composit on of 


on the exact 


| and on activator concentration 

this paper show representative spec- 
ard t temperature dependen ‘e Tt 

germanate gradually improve in effi 

ip to a temperature of 300 to 400° C, where 

mate and triple silicate have maximun 

130° C limiting their usefulness 
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Excitation and emission spectra of cerium 


and manganese activated triple silicate. 


Figure 3. 


Phosphate Phosphors 


A group of tin activated orthophosphate phos- 
phors which respond efficiently to 254m, radiation, 
were discovered’ some years ago. They have broad 
emission spectra and a considerable output of red 
and deep red light. Such phosphors are now used 
in a super-deluxe cool white fluorescent lamp, giv- 
ing considerably improved color rendition in com- 
parison with standard lamps or even with the de- 
luxe lamps using a calcium silicate phosphor. In 
the previous investigation of these phosphors it was 
found that the emission spectrum of these phos- 
phors depended considerably on the exact composi- 
tion of the 
that the excitation spectrum is also dependent on 
Thus, the 


proper components for the matrix, phosphors with 


matrix. Continued study has shown 


phosphor composition by choice of 
excellent response to all wavelengths below 320myz 
ean be produced. 

The best of these new phosphors is basically a 
tristrontium orthophosphate, activated by stannous 
tin, in which zine replaces a part of the strontium. 
This introduction of zine causes a radical change 
in the emission spectrum since strontium ortho- 
phosphate, free from zinc, emits in the long ultra- 
the containing a small 


while phosphor 


amount of zine has orange-red emission. The emis- 


violet 


sion color is dependent on the exciting wavelength. 
With excitation by the longer ultraviolet, such as 


313my the emission is solely in the orange-red. If 


shorter ultraviolet, such as 254my, is used an emis- 
sion band is also found in the deep blue. Since in 
the actual HPMV lamp the exciting radiation con- 
tains all wavelengths between 200 and 320my, there 
is a small blue component in the phosphor emission 
eurve. Fig. 4 shows the excitation and the emission 
curves of these phosphors. 
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Figure 4, Excitation and emission spectra of tin acti- 


vated Strontium Zine Phosphate. 


This new orthophosphate phosphor has definite 


advantages over the manganese activated com 
pounds described in a previous section. It is poten 
tially low in cost being made from readily avail 
able raw materials; it is non-toxic; it does not 
absorb the blue mercury lines; it utilizes efficiently 
a considerable part of the available ultraviolet of 
the mereury are spectrum; and it is chemically 
stable 

This strontium-zine phosphate has very satisfac 
tory temperature dependence since its peak effi 
ciency lies in the range of operating temperature 
of the more usual types of HPMV lamps as seen 
in Fig. 5. In addition, the red output is high so 
that in HPMV lamps this phosphor gives quite 
acceptable color rendition combined with an im 


provement in lumen output 


Lamp Performance 


The development of the new ortho-phosphate 
phosphor has made possible a new line of color 
improved HPMV lamps including the 100-watt 
SH4, the 175-watt SH22, the 400-watt SH1, the 
400-watt reflector type KSH1 and the 1000-watt 
SH15. This line of lamps gives color rendition of 
reds little below that of the older color improved 
lamps, while also giving a slight gain in rendition 
of blue and blue-green colors. In addition, instead 
of a sacrifice in efficiency, the SH line of lamps has 
efficiencies 10 per cent to 20 per cent above that of 
corresponding clear lamps. 

Referring back to Table I it can be seen that 
utilization of all ultraviolet up to 320m, will the 
oretically increase lamp efficiency 60 per cent. 
However, the various losses due to presence of 
coating and so on, cause about 15 per cent decrease 
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n the overall efficiency of any phosphor coat 

lamps, reducing the expected increase to 35 pe 
‘ent if the phosphor quantum efficiency is 100 pet 
‘ent for this whole range of ultraviolet. It can be 
seen from Table III that the phosphate can give 


¢ 


a considerable part of this expected 
lumen output 
The curve of temperature depende: show! 


Fig. 5 shows that the optimum bulb temperatul 


for the strontium-zine phosphate is about 180° 


This is close to the average bulb temperature of 
100-watt 
below that reached in the higher wattage lamps 


This decline 


temperatures hampers realization of the full be: 


lamp in the PS25 bulb but is slightly 
n phosphor efficiency at high b 
fit of the potential lumen gain from the 


the ir pres 


coating in the higher wattage lamps 11 


ent bulb sizes. This is not true in the low wattag 


SH4 and SH22 lamps 


Characteristics of the Emitted Light 


Whereas in fluorescent lamps only eight per cent 
of the lumen output is due to the mercury lines and 
the efficiency and color rendition are determined 
the phosphor, in the phosphor 


nt of the total 


almost solely by 
eoated HPMV lamps 70 to 80 per e 
lumen output is due to the intense green and yel 
low lines of mercury with the balance of the light 
coming from the phosphor. Because of this major 
eolor rendition as fluorescent 


LO! 


difference the same 
lamps cannot be attained even with the best co 
corrected HPMV lamps. The arsenate and ger 
manate phosphors do give good red rendition but 
this is achieved only by a sacrifice of lumen output 
deliberat« 


In the manufacture of JH lamps, a 


compromise must be made between red rendition 
itput. With the orthophosphate phos 
n somewhat 


and lume: 
phors in the SH lamps the situation 
different since the phosphor adds both to the lumen 


RELATIVE EFFICIENCY 


HI 


200 
TEMPERATURE °C 


Figure 5. Temperature dependence of fluorescence of 
Strontium Zine Phosphate. 
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rABLE Ill. 


A. CLEAR MERCURY LAMPS 


Lumens Watts 


LAMPS WITH GERMANATE PHOSPHOR 


Lumens Watts Ipw 


LAMPS WITH PHOSPHATE PHOSPHOR 


o, Gain 
in Lumens vs 
Germanate 


Rated Lif 
in Hours Ipw 


d rendition. This improved 


output necessarily results in improved red 
tion and no compromise is required 
s figures presented the emission spectra 
ery compressed scale. It is of interest to us« 
expanded scale for making a direct con 
of the characteristics of the JH1 and SH] 
ym the standpoint of color rendition and 
uutput. Fig. 6 shows the spectral distribu 
the radiant energy for the fluorescent light 
d by the present SH1 and JH1 lamps. The 
energy output of fluorescent light, shown by 
area under the curves, is approximately equal 
the two different phosphors. If, however, a 
nparison of the lumen output is desired, th 


each wavelength must be multiplied by 


é 8 8 8 


RELATIVE RADIANT ENERGY 


~ 
° 


300 
MILLIMICRONS 
Figure 6. Relative radiant energy distribution 
phosphor emission. 
A. Strontium Zine Phosphate in SHI lamp. 


B. Magnesium Germanate in JH1 lamp. 
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° 
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RELATIVE LUMINOUS ENERGY 
e 
S 


~ $00 
MILLIMICRONS 
Figure 7. Relative luminous energy distribution of 
phosphor emission. 
A. Strontium Zine Phosphate in SH1 lamp. 
B. Magnesium Germanate in JH1 lamp. 


the luminosity function and thus another curve 
may be plotted to give the spectral distribution of 
the luminous energy (Fig. 7). It is apparent that 
the area under the SH curve is several times that 
under the JH curve, so the output of luminous 


energy is substantially greater 


Colored Mercury Lamps 

In a number of applications which will be men- 
tioned in a following section, a high intensity 
source of colored light would be very useful. The 
HPMV lamp with an orthophosphate phosphor 
allows production of certain lamps of this type by 
use of a ceramic filter coat on the outside of the 
lamp jacket. The broad fluorescent emission curve 
of the phosphor allows a considerable range of 
colors to be made with varying degrees of effi 
ciency. Experimentally, these have included blue, 
green, vellow and red. The lamp having the high 
est light output among the possible colors is that 
with a filter coating of a transparent yellow. This 
has recently been introduced as a 400-watt lamp 
with a BT37 bulb, the designation being GH1. The 
light emitted is a golden yellow of distinctive hue, 
which is in striking contrast to bluish white of 
clear EH1 lamps or the silver white of SH1 lamps. 
Color rendition is naturally distorted but yellows, 
oranges and reds have nearly their normal appear- 
ance. Further developments in the filter coated 
lamps will undoubtedly lead to the introduction of 


other colors in the near future. 


Applications 


The new SH and GH lamps, like all HPMV 


lamps, have a wide variety of uses where maximum 
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light output is wanted in a concentrated source 
For high bay industrial lighting the improved color 
rendition and higher lumen output of the SH lamp 
compared to the clear EH lamps, combined wit 

the diffusion effect of the phosphor coat give a 
useful low glare source, which is at the same time 
compact and long lasting. It is no longer necessary 
to sacrifice lumens for color 

Street lighting by HPMV lamps has been grow 

ing by leaps and bounds in city after city. In 
shopping and heavy traffic areas where quality of 
light is important the SH lamp can be used effec 


in present fixtures. On residential streets, 


tively 
ved color, increased lumen output and ré 
of glare with the 100- and 175-watt SH4 
lighting con 


and SH22 lamps will make mercury 


siderably more acceptable than in the past. It 
should be noted that, in these sizes particularly, the 
phosphor coating helps to direct the light down 
ward toward the street thus aiding the fixture d 
signer. For arterial lighting, where control of light 
is of paramount importance, new fixture designs 
will be needed before the higher output SH lamps 
ean be efficiently used 


‘ 


The golden color of light from the 


GH1 lamp 


opportunity to street lighting and 


gives a new 
safety officials in that it provides a unique color at 
high effi 


locations such as railroad crossings and highway 


iency which can be put to use at critical 
intersections. The color contrast with other mer 
eury lighting automatically suggests caution with 
It is also noteworthy 
white of clear EH] 
golden color of GH] lamps does not 


out appreciable loss of light 


that a change from the blue 
lamps to the 
require special fixtures but can be realized in min 
utes simply by a change of lamps 

For general outdoor lighting the increased lumen 
output of the SH lamps can be readily utilized, 
while in parking lot lighting, the broad emission 


minimizes distortion of all colors and 


spectrum 
thus speeds recogniton of cars by their owners. A 
more specific application is found in the floodlight- 
ing of buildings where unusual effects can be ere- 
aied by combining the silver white color of the SH 


lamp with the golden color of the GH lamp. 


Future Developments 


While the orthophosphate phosphors introduce a 
new concept in HPMV lamps, namely the use of 
phosphors to give more lumen output rather than 
the older concept of phosphors solely for color im 
provement, it is safe to say that ihey are only the 
first steps along this new path, and further gains 
ean be attained when the phosphor chemist meets 


the challenge of developing new materials 
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LUKE THORIN« 
their notabl ddition t i¢ list of phosphors 
which are useful ur I ring onditions existing in 
the high press Although the claim 
to novelty for a fluorescent m« ry lamp of higher lumi 
nous effi y th he ponding clear lamp can not 

9 and U. 8S. Pat. No 


they cé inly are deserving of credit for extend 


ir Reference 
ing this improvemé¢ to the highest degree yet attained. 
They are also to be commended for their novel use of 
itl HPMV lamps 


irying hue for use in certain special applications, 


] 
optical filters w 


to provide sources of 


Among the several points I should like to discuss in 
greater detail is the statement by the authors to the effect 
that the magnesium germanate originally reported by 
was the first material used in color 


Actually the 


Leverenz is practically dead by all 


Leverenz (Reference 
HPMV 


material reported by 


improved lamps in this country. 
standards of lamp phosphors and has never been used in 
HPMV 


Kroger as indicated by the authors 


lamps. It was not until Williams!.*.3 (and not 
discovered the effect 
of unusually large additions of MgO that this phosphor 
beeame significant as a photoluminescent material. Even 
then, however, its unusual properties which made it uniquely 
suited for the application at hand were not recognized. 
These properties were later described in detail (Reference 
9) along with an additional improvement which doubles 
the phosphor efficiency and made possible the first really 
practical color improved HPMV lamp. Thus the first such 
practical lamps in this country* (and in the world) utilized 
the double-orthomagnesium fluorogermanate rather than the 
material indicated by the authors. 

With respect to the advantages of the S-H1l over the 
J-H1, they are the same as the advantages of the standard 
cool white fluorescent lamp over the super de luxe cool white 


a higher lumen output is ob 


fluorescent lamp, viz., that 
tained at the expense of color rendition in the red spectral 
range. While the latter may not be so evident from data 
presented it becomes clear when one compares the per cent 
(C.I.E. 


sources as shown in the accompanying table. Data on the 


of energy in the eight spectral bands for the two 
E-H1 are included along with those for the warm white 
de luxe fluorescent lamps as the latter compares strikingly 
with the J-H1. 

The S-H1 is seen to have a distinct advantage over the 


E-H1 with respect to the relative energy in bands #7 and #8 


Duro-Test Cory North Bergen, N. J 
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Spectral Band Data (Per Cent Energy) 


Warm White 
De Luxe 

Spectral Fluorescent 
Range l Lamp 


1eve 

to quartz mere 

along with part 

ird step in mer 
there are several details of 
ions and comments 

the reporte 
our pre liminary 

offset by poorer lumen ma 

y be only the same 

imp for mean lumens 

the authors offer 
0 this questior 

he paper, the 
ket te mperatures 

to pe ak efficiency 

a bulb-wall tempera 
on the top of 
that the average is 

optimum temperature show! 

The paper infers that there is a serious loss 
put and efficiency when the present color-corrs germa 
nate phosphor is used with mercury lamps. Ratings shown 

Table IIT give 20,500 lumens for the gern 

mps s 21,000 for the clear lamp i loss of | 
cent. We would eall this a relatively smal ) for the 

f color improvement achieved 
paper gives the impression that the color 

» emits little better than half ti ment with the new phosphor is substantially as good 
fluorogern tn the | ump but be the germanate. We think that there is a considerabk 
sminosity emits almost twice as oneene lumens ference in the degree of color improvement, as is indicated 

Rte nm a — : by the relative energy in the red as measured through a 
Wratten +25 filter. The table shows the re tive red 
spectral ribution . : nergy from 400-watt quartz mercury imps for the two 


the sam< phosp! ste 7 phos] hors and without phosphor 


ve pointed out that the 


oar es ' nf Red Radiation from 400-watt Lamps 


Phosphor Relative Red Energy 
excitation curv ‘ig None 1.6 


what excitation wav: gth w Orthophosphate 
dependence of lu ' “ie 5 Germanate 


on HPM\ with “ger These figures which agree closely with the relative energy 


phosphor? n the red for the two phosphors as shown in Fig. 6 of the 
arrow band paper, indicate that the new phosphor gives only about 


emit phosphor yroperly 11 ‘ pectrum would half the color correction of the germanate. These figures 
seen no desirable thar e 1 f broad band also agree with the visual impression in comparing colored 


emitti pie in the overa ) eorrection of the 


I objects under the three sources The relative luminous 
HPMY " } ise one en 


where energy as shown in Fig. 7 can be misleading in regard to 
already excess with 


eolor rendition, since only relatively few lumens in the red 
According]; leal color improved HPMV 


ire needed to give a marked color effect. 


band emitting phosphor pe No mention is made in the paper concerning the presence 


Where maxi of aluminum as a constituent of the new phosphor, but it 


llow emitting phosphor is our understanding that some aluminum may be present. 


d that ar Can the authors tell us whether aluminum is purposely in 


should be practically cluded, and if so what its function is? 


uuthors have advanced the The paper mentions that the new yellow mereury (G-H1) 


providing a phosphor whi lamp furnishes its special color without appreciable loss of 


1 lamp in the region between one of almost light. Our measurements indicate that the loss of light is 


rendition and one of the highest luminous 
-_ » 4 7 ; : ‘ . » . . ~ , 
or this they deserve and have our admiration *Large Lamp Dept., General Electric Co., Cleveland, Ohio 
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renees to earine 
ve used selected 
phosphors mos 
com] 
re 


logermanats 


lumen ratings 


amps are invaria ower than those of clear 


anufacturers catalog III sl 
ie fluogermanate 
t of this tablk d been used ¢on 


With this phosphor, 


iolet is utilized and it may emit more watts 


Thorington points out. 


y than the orthophosphate phosphor whicl 

of the ultraviolet. However, we would like 

igain that the orthophosphate emits consider 
mperature dependence data of Fig. 5 were obtained 
re tube of a 100-watt HPMYV as the exciting 
thus it approximates the behavior in a lamp. Mr 


s reported some temperature data for a lamp in 


*Electrical Ex 


**/ suthor 
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High Pressure Mercury Lamps 


vary considerably with 
lamp will be consid 
control of light 


when 


for control 


$00-watt 


d for 


h 
the 
with 


G-H1 


ower 

lamp. 

single aspect of color 

improvement olo endi 1 0 is not the only point to 
be considered endition vellows, oranges, greens and 
blue is also important. This would not be realized with 
the narrow bands of emission suggested by Mr. Thorington 

Even in the S-H1 lamp 75 per cent of the lumens come 
from the intense green and yellow lines of the mercury are 
n contrast to the 10 per cent contribution of the mercury 

in fluorescent lamps. Because of this predominance of 
green and yellow, color rendition with HPMV lamps is far 
inferior to that with fluorescent lamps. So, if color is 1 tal, 
the user should consider the VHO lamp rather than any 
HPMYV lamp. 

The main advantage of the phosphate phosphor lies in its 
contribution to lumen output, with the improved color being 
in added attractior As new phosphors are developed with 

r lumen output they will probably be used at once, 
since a major virtue of the HPM\ lamp is the econeentra 
tion of a tremendous number of lumens in a relatively 
small source. We are glad to see that Mr. Thorington’s 
estimate of 87 lpw, or a possible 66 per cent gain in light 
output from the H1 lamp, gives as optimistic a goal as our 
own estimate of the ultimate 


coated HPMV lamps 


performance of phosphor 
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Statistics 

Length of avenue 1.9 km 

Width total between 
building fronts 

Width of automobile 
roadway 

Width of each sidewalk 21 m (69 feet 

10 m (33 fee 


70 m 
‘ » 
28 m (92 feet 


Spacing of old gas units 
Spacing of new units 22 to 28 n 
(72 to 92 feet) * 


Height of new units 814 m (27% feet 


» Variation in spa 


Re-Lighting the 


CHAMPS ELYSEES 


teandles, as compared with 0.1 


andle with the gas lighting system 
Control equipment for each of the new fixtures is 
‘ontained in the base of each standard, which also 


holds the controls for nearby converted fixtures 


as lighting 


tea ditinn 
rad if 


250-watt 

00-watt 

the 

and on 

lanterns havi 

» mercury lamp 
mainly decorative 


installation is 2 
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EFAS-A New and Vital Aid 
To Low Visibility Landings by Aircraft 


By DONALD |. COGGINS 


(en -APER describes the operation and While flight continuity and adherence to destii 

function of the Electronic Flash Approach System tion and time si re important to the cus 

EFAS) as a key component of the integrated Air ier, they represent distinct financial benefit t 
craft Visual Landing System evolved by the Civil 1¢ municipalities and airlines involved. With tl 
Aeronautics Administration, Air Transport Asso industry facing unlimited growth prospects, tl 
ciation, Air Line Pilots Association, and participat Airlines and C.A.A. face a major task and respo 
ing lighting manufacturers. The success of low sibility in controlling t movement of an evel 
visibility landings may be related directly to th growing number of faster and larger planes in 
timeliness and spontaneity of the transition from a manner e continuation of 
Instrument to Visual flight during approach and standards of 
the degree to which the necessary aids provide th¢ 
required information and guidance without loss of Historical Background of Development 
eye sensitivity. EFAS contributes the essential Of Visual Landing Aids 
ingredients to accomplisl: these objectives and in The study and evaluation of single-row visua 
combination with other more conventional light approach systems equipped with sequential flashii 
sources arranged in a unique configuration and condenser dincharae unite was firet undertaken i: 
radio approach aids provides a complete solution this country in the middle 1940’s. The All-Weather 


to landing of aircraft under low visibility condi flying group of the Air Transport Command head 


oo by Lt. Col. E. A. Cutrell (now Captain Cutrell 


a : A : American Airlines) and the U. S. Navv Bureau oft 
The Urgency for Improved Traffic Control ' aa 
. Aeronautics figured prominently in this proj 
One needs only to observe air traffic figures at along with lighting equipment manufacturers 
any of our major airports to appreciate the rapid Perhaps one of the most scholarly and basicall 


and serious congestion of planes—a condition sound theoretical studies of the fundamental r 

which becomes manifoldly desperate when weather quirements of visual aids was made by E. S. Ca 

necessitates instrument flight rules vert,! a prominent and respected lighting engineer 
At Chicago’s Midway Airport, for instance, the from England. Time has proven the validity of 

total annual plane movements (landing and take many of his conelusions 

off) in 1945 were 153,007 carrying 1,496,634 pas In subsequent years the Air Transport Asso 


sengers During 1950 the corresponding figures tion of Am rica, the Civil Ag ronauties Authorit 


were 234,331 and 3,820,165. By 1955 plane move and the Airline Pilot’s Association all played a 
J 


ments reached 381,005 with 9,134,503 total pas active role in the development of today’s integrate: 


sengers, an increase of some 150 per cent in plane approach lighting system 
traffic and better than 500 per cent in passenger 
traffic in a span of ten years The Fundamental Requirements 
It becomes clearly apparent that a rapidly grow Of Low Visibility Visual Landing Aids 
ing segment of the American public and business is 


© Since runway lights are completely obliterate: 
more and more frequently dependent directly or : ; 
; ae: : from view during the early stages of approaches ir 
indirectly on air transportation. Delays and diver ; : 
oe : low visibility weather, a pilot passing through th 
sions which a few years ago were of only localized 
. f radio approach pattern of the Instrument Landing 
importance now become major problems and ineen , , ss el 

System (ILS) must transit from full instrument to 
veniences . : 
full visual flight and finally complete his landing 
A paper presented at the National T of th by reference to the runway lighting. The transition 
Illuminating Engineering Society, Septen 


Mass. AUTHOR Sylvania Electr Prod 


from full instrument flight in the radio pattern to 
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"10 SPACES @ 100° = 1000 





k WING BARS (AVIATION RED) 


THRESHOLD BARS (AVIATION GREEN) 


H4edtdd ddd ttdtadddddd dada ag 


100' CROSSBAR 
(AVIATION VARIABLE WHITE) 


APPROACH LIGHTING CONFIGURATION 


-—— CENT 
ena ENTERLINE tire) (28 UNITS) 


_ FLASH SEQUENCE 


EFAS. (28 UNITS) 
HIGH INTENSITY FLASH (CLEAR) 


20 SPACES @ 100°= 2000’ 


NOTE 

CERTAIN MILITARY REQUIREMENTS MAY 
SPECIFY UNITS WITHIN 1000 FEET OF THE 
RUNWAY TO BE FLUSH MOUNTED. 








Figure I. 


sual flight normally begins ap 
feet from the runway when the 
in 200 feet of the ground. Between 
oint approximately 1000 feet from the 
runway, when the aircraft is down to 
of the ground, visual aids must take 
r provide positive and absolute 

» runway threshold 
if any system rests with th 
which is supplied by EFAS as 

eribed 


[The objectiv. 


a set of very special and demanding require 


system, therefore, was hypothecated 
ents for visual aids which during low visibility 
veather, day or night, would provide a pilot with 
the following information 

} 

4] 

Roll guidance or horizo 

Distance information 

Height references 

lermination of approach lights 

Location of runway threshold 


R inW vg lidance 


Description of Recommended Centerline 


Visual Approach System 


Fig. 1 shows the system evolved through several 
ears of study, design and operational testing. The 
system is essentially a single centerline of 28 flash- 
ing lights and 28 steady burning bar lights extend 
The de 


ing out 3000 feet in front of the runway 


290 EFAS 


Complete approach 


lid to Low Visibility Landings 


lighting system with EFAS. 


velopment of lighting sources and configurations 
has been based upon sound practicality with each 
element serving a definite function 

Two distinct forms of lighting are employed in a 
total of three variations. For needed ultra-high 
intensities, great conspicuity and absolute direc- 
tional guidance, sequentially-flashing condenser dis- 
charge EFAS lighting units are employed. To pro- 
vide horizon, stable fix orderly transfer from full 
instrument to visual flight and to serve as position 
markers, PAR 56 sealed-beam incandescent lamps 
are used in multiple bar configuration. These in- 
candescent lighting units are of two colors for 
reasons to be explained later. 

The EFAS condenser discharge units are ar- 
ranged to flash in rapid sequence towards the run- 
way in 14-second cycles, giving the effect of a white 
hot ball streaking in at a speed of some 3600 mph. 

In the following a detailed description of each 
component part-of the system and its function will 


be given 


Description of EFAS Condenser Discharge 
Lighting Units 

The condenser discharge (EFAS) units, shown 
in Fig. 2, employ a novel yet not new principle for 
producing vivid, short duration flashes of blue- 
white light. In order to develop a large amount of 
light energy in a very short space interval of time, 
In this 


ease a capacitor is charged with about 60 watt-sec- 


electrical energy is stored in a capacitor. 
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Figure 2. Typical EFAS condenser discharge light unit. 


onds of energy which when converted to light is 
equivalent to approximately 1800 lumen seconds 
compressed into a time interval of but 5/10,000 
second. Under these conditions the peak output of 
these units reached 30 million beam candlepower 

An excellent article has been recently written on 
condenser discharge tube 
Harold E. Edgerton? of M.1.T 


The means for attaining this flash energy is con 


efficiency by Professor 
and others 
ventional. Alternating current is converted to 
direct current through a full-wave vacuum tube 
rectifier circuit which in turn charges a storage 
capacitor to some 2000 volts 

The flash tube is a spiral coil of Pyrex tubing 
measuring approximately 21% inches in diameter 
and coil length. The tube is filled with xenon gas 
and has an anode, cathode and external trigger 
wire. This tube is connected directly across the 
charged condenser. It is so designed that it will not 
conduct current with anode voltage applied unless 
externally triggered. When, however, an ignition 
voltage in the order of 10,000 volts is applied to 
the trigger wire, the gas within the tube is suffi- 
ciently ionized to cause immediate conduction of 
current, instantly discharging the condenser and 
producing a brilliant burst of light. 

Proper and accurate sequencing of each con- 
denser discharge unit is attained by a central Mas- 
ter Sequence Timer. This unit energizes a relay in 
each EFAS unit which in turn applies a triggering 
impulse to its associated flash tube 

For reasons to be explained later, certain unique 
characteristics of these flash units which are major 
factors in the success of the overall system should 
be enumerated. The color of the flash is a distine- 
tive xenon blue-white. The duration of flash is but 
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a few hundred microseconds allowing long relati\ 


“off” periods between flashes. As a result, supe! 
sonic speeds of travel of the flash along the aj 
without “tailing.” Enor 


proach line are possible 


mous Instantaneous light energy is developed tf 


offset the lone ff period ie spread to the 


50 per cent mtensity point is 25 devrees while the 
flash tube is directlv visible over an angle as wide 


as 120 degrees 


Description of Typical Bar Type 
Incandescent Units 


| 


Reference to Fig. 3 will show the typical bar w 
made up of five sealed-beam lamps. The basic cer 


Maxi nul 


candle output of each lighting unit is 30,000 and is 


terline unit measures 14 feet in length 
controllable over a wide range. The horizontal 
beam width of these lighting units is approximately 
20°, while vertical beam spread is approximate] 
10°, both to the 14 intensity point 

Identification of System and Transition from 


Instrument to Visual Flight 


A key component of the visual approach systen 
is the line of condenser discharge flashing units 
which first catches the eye of the pilot and provides 
instant and instinctive recognition 

The great 


lighting units results from high fog penetration 


conspicuity of condenser discharg 
dynamic eye attraction, rapid unidirectional mov: 
ment and non-blinding qualities 

The 30-million beam candlepower developed at 


the peak of the flash provides a total of integrated 


Figure 3. Typical PAR 56 sealed beam bar unit. 
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w hundred microseconds of “on 
pierce heavy fog 

and characteristic blue-white flash 

identification, particularly 

bullet. Under the most 

tions occurring during 

source assumes a double 

‘edominate over the back 

md it must be easily 

has a distinct advantag: 

in distinguishing 

ess In photometri 

spots of nearly equal 

table in the stead: 


us when one alt 


approaches on 


nt blinding and gil: 


caution and sug 
rning lights to suit 
amazing degre 


yn flashes of 
no blinding for illu 

ence any loss of 

for picking up the 
lhehts 


This fact is sup 
an independent labora 
rf 


rifice of fog penetrating 


de with condenser dis 


possibility of human as well as 
during radio approaches and the 
ruidance in some instances, the 


lights provide a wide angle 


Line and Directional Guidance 


Once established over the approach line of lights, 
This 


and positiv ly ob 


lot must next receive directional guidance 
nformation is quickly 
om the EFAS co 


fire sequence 


idenser discharge units 

towards the runway 
room for doubt 

tionally the line of steady burning bar lights 

e line fix. It has long been recog 

that small spot sources or flashing lights do 


provide optimum line guidance by themselves 


g low-visibility approaches these steady 


irning bar units must be substantially reduced in 
tensity to prevent serious fog glare, as previously 


ated 


Roll Guidance 
With fog obscuring the natural horizon a pilot 
depend upon artificial visual aids to provide 


EFAS lid to 
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such information. Because either incorrect attitude 
or lateral displacement from true centerline ap- 
proach frequently presents the same perspective to 
a pilot in a point light source configuration, the im- 
plementation of bar units to the system is an abso- 
lute requirement. By giving dimensions of a known 
value to the bar units a pilot can quickly spot roll 
and differentiate it from lateral displacement and 
properly correct his approach. 

Unlike the American EFAS system the Calvert 
configuration utilizes bar units placed every 600 
feet in contrast to our 100-foot spacing. Observa- 
tion of filmed approaches and accounts of pilot’s 
actual experience with the Calvert configuration 
lead us to believe that during very low visibilities, 
roll guidance is absent for too long a period of 
time and lacks continuity desirable for smooth cor- 


rective action. 


Distance Information 
In following a single line configuration a pilot 
upon passing over the 1000-foot bar marker, shown 


in Fig. 1, 


there is but one clear elongated bar in the system 


immediately and unmistakably (since 
recognizes his distance from the runway 

This marker also assumes the nature of a commit- 
ment point where a pilot decides either to complete 
a landing or, for some reason, to initiate a missed 
approach procedure. 

In this phase of the approach configuration the 
American system again differs from the Calvert 
proposals. Distance from the runway is indicated 
in the latter case by seven transverse bars of con- 
stantly diminishing length spaced 600 feet apart 

It is the opinion of many pilots in this country 
that too much interpretative effort is required of 
the Calvert multiple bar configuration. In addi- 
tion there is no positive means of recognizing the 
last bar unit. The existence of but one clear ex- 
tended transverse cross bar of the American system 


is simplicity indeed. 


Height Reference 

The pilot flying over this centerline approach 
system derives height reference from two physical 
elements of the configuration. First is the apparent 
length of the 14-foot bar units and second the ap- 
parent distance between successive units standard- 
ized at 100 feet. 

A novel feature of the Calvert system is the use 
of the vary ing cross bar lengths as described above 
A perfect approach would cause all bars to appear 
the same length. If bars appear to decrease in 
length the approach is too high and vice versa. The 


opinion in this country appears to treat this feature 
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Figure 4. Proposed narrow gauge flush runway lights. 


as necessitating severe interpretative effort sinc¢ 
low visibilities can play dangerous tricks on point 
length. Th 


system also requires multiple elongated bars nega 


to point comparisons of bar Calvert 


; 


ng the value of the single distance bar used hers 


It is believed that height information is quite ad 


quate without this refinement if not complication 


Termination of Approach Lights and 


Runway Imminence 


At a distance of 200 feet from the runway is 
placed an extended red warning bar indicating the 
nd of the approach light line and warning of th 
immediate imminence of the runway 

At a distance of 100 feet from the runway are 
placed two 14-foot red wing bars outlining the abso 
lute lateral limits for safe landing 


Both of these facilities are shown in Fig. 1 


Runway Threshold 


Within approximately 25 feet of the landing sur 
face are placed the green threshold lights. Actu 
ally they consist of two bars, separated by an 80 
foot clear space for landing, extending laterally to 
the line of runway lights on either side giving clear 


ance to touchdown 


Runway Guidance 


At present a plane letting down on the runway 
surface generally relies upon the parallel rows of 
runway edge lights. 

To a pilot who has been following a clearly 
defined single row of lights, the sudden transition 
to parallel rows of runway lights quite outside his 
normal angular visual range, resembles flying into 
a “black hole.” 

To explain the causes and effects of this phenome- 
non is to delve into the complexities of foveal and 
parafoveal vision. An excellent treatment of this 
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has been mad by A. E Jenks® of the Civil Aero- 
nautics Administration 

It is of interest that because of this “black hole” 
ffect, made more serious by the normal action of a 
pilot’s eyes to go into a “stare” condition during the 


final stage of approach, there is a critical need for 


improved runway lighting. At this time emphasis 
is being placed on a form of flush narrow gauge 
runway lights. Such lights would take the form of 
two parallel rows of 15-foot transverse bar lights 


in Fig. 4 


of such a system is to place the run 


separated by 60 feet as shown 
The objective 
way lights within the 


‘ange of the acute foveal 


vision, thereby continuing roll guidance onto the 
runway and marking, by the passage from single 
to double row, the beginning of the runway area 


Operational History 


No system of 


merely on paper. The evolution of the integrated 


approach lighting is a success 
system described above has been marked by study, 
trial, elimination, addition and final standardiza 
tion 

The use 


years and was found to be not only sound but ex 


of the EF AS lighting dates back several 


tremely necessary adjunct to an approach lighting 
system. 

The use of a single centerline configuration came 
after a great deal of study, discussion and testing 
Previously tried were such configurations as paral 
lel side rows of lights, converging rows a sing 
left hand row, and many others. Operating pilots 
in this country are firmly convinced that greatest 
simplicity, a minimum of interpretation and opti 
mum guidance is provided by a single centerline 
row of lights 

At Newark the EFAS type system has been in 
operation for several years. For the past five years 
it has been a centerline configuration, where previ 
ously it was a left hand row. 

At Idlewild the system has been in operation 
since the first of last year, where it is meeting with 
exceptionally high compliments and most effective 
operational assistance. 

Both airports are considered models of approach 
light efficiency and effectiveness — both here and 


abroad 


Need for Standardization 


The ultimate success of visual approach aids rests 
not only with a sound system but in standardization 
over as wide an operational area as possible. 

Pilots should quickly come to know precisely 


what the system looks like on the ground as well as 


Coggins 993 





They should be aware of the ysical adequate visual aids would pay for ma 


ponent parts of the system that the tions. We cannot compromise safety with 


apparent size and shape fror ing of jets and much higher concentrat 


rain valuable information re raffie 
position and sper Our airlines as well as the Civil 


Administration are only too aware of t} 


stration in this country to eff 


facing them. Both are working strenuously 


ere probably must be some vat today’s demands for a complete Air Trafi 


: f , 


condaitio lor instal C.A.A. is currently sponsoring an ad 


» at Boston year program to provide what they 


lute necessities for adequate air na\ 
must lend our support and backing to 
to insure that the necessary funds and 
are forthcoming to shrink this five-year 


timewise to a two- or three-year progran 
References 


cause 
‘rom th alr 
we should look forward to ever 
en systems in other coun 
United States. The Inter 


ransport Association is doing i DISCUSSION 


F’. ¢ BRECKENRIDGE:* Mr. Coggins is to 

rts system the seq ue ntially flashing having presented a paper descriptive of the 
are missing but could be very easily ight installations which are being planned 
other variations such as the number Aeronautics Administration since this devs 
y no attention in the Societ 

ts and their spacings are thought to be 
. record may be cleaf’, howev 
it deficient in an otherwise good system 7 da 


a brief comment regarding the 


rtunately transatlantic pilots today face th nee flashing lights to pilot guidance 

distinguishing different types of Systems at “he sequence flashing lights as an aid 

osite ends of their runs. We can only hop: tested by the Landing Aids Experiment St 
Cc d after s ‘ approac s it v S 

uation ean and will be corrects ali?., and af everal approaches it w 

* this aid was used without fixed lights it wa 

ture, perhaps through the efforts 

“9a so that this testing had to be discontinued 

\ir Transport Association tinued with a combination of sequence fi: 

fixed lights and it was the conclusion at the¢ 


The Future season that the sequence flashing princi 
nothing to guidance except a discriminat 
The Civil Aeronautics Administration has a defi inner and outer ends of the approachw 


nite program calling for the early installation of methods of traffic control, it is probable t 


complete and integrated EFAS-equipped approach —_»ation is no longer needed. The sequene 
igh 


} 
ig 


. . have greater conspicuity th: fixes 
light systems at many of the major airports of th wwe greater conspicuity than fixed 
; WN : 1 Td] ld seen at a large angle to the direction 
ountrv to mate] ‘wark ¢ wild : 
. . = ' : irk an _ ac. ilso distinetive, which makes the appr 


[It is the opinion of many that EFAS equipped easier to identify 
approach lights should be installed and integrated It is unfortunate that Mr. Coggins did not space in 
ach and every instrument landing systen his paper for a report on the circuitry which | company 
4 t deve 4 Fo erat yr the seq ee sh , rhts 
operation, or as installed in the future. If has developed for operating t juence flashing lig 
inderstand that their new circuits have introduces 
and weather conditions warrant radio ap 
. important element of economy into both the orig 
I as. al f P ir certs » e g > 
h aids, an airport is certainly entitled to a and prospective maintenance costs of the systen 
visual approas h system to fill the 3.000-foot gap to as the pilots continue to consider the conspicuity; 
the runway tification provided by this system to be vorthwhil 
It is superfluous to repeat, but would be vitally improvement in economy is a very edema one 
. . . system is very expensive to manufacture in 
negligent not to re-emphasize, the glaring fact that z F 
form 
the loss of lives and plane in just one approac! 


accident attributable in whole or part to lack of 
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In 


determines 
Blondel Rey 1a 
ition of the flasl 
in what follows, 
special claims for these 


aimed for them th: 


or insofar as it is 


rion in which they 


Ki 


t are not ap] 


: 


opera 


cable or I lified 

The luminous efficiency of discharge lamps is of the 
to 35 lumen-seconds per watt-second. Mr 
Coggins has evidently used the f 10 lumen-seconds 
watt-second since he reports 1800 lumen-seconds for an 
of 60 watt-seconds. It should be kept in mind, how 


lamp efficiency and that the efficiency of 


required to operate these lamps reduces the 


ever, that this 


neig! urport the auxiliaries 
has overall efficiency of installed systems to the order of 15 


lumen-seconds per watt-second. This value is of the same 


in criticisms of the systems are two. Referenes 


been made to the limitation of any flashing systen 
requires an appreciable time to convey its informa order of magnitude as that of incandescent lamps. 
tion and the split seconds that are available may often b« Mr. Coggins describes the color of the flash as a “distine 
nadequate. The other point is that the cross bars are very tive xenon blue-white.” The blue-white color of the flash 
may or may not be the most desirable color for this con 


inadequate to provide the very essential horizon informatior 
nd roll guidance. To my und of the problem figuration. If it is, it can easily be obtained with other 
sources, ¢.g., with appropriate filters in front of incandes 


these two items are far more » general direction 
flashing line of eent sources, or, if it is not, then the color of the discharge 


nd eenterline information 
f lamps may be modified with filters. In any event 


be of interest » our Transactions o the eolor 
of the discharge lamp is not unique or difficult to obtain, if 


yf Standards, \V b gto 
t r i t sur 1 of Standards, Wash 


Industries, | 
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tensive discussio! 


Mr. Beggs ha l arizes i < is the part con 
denser discharg 1 anc yl: n the highly vital field 
Actua ight tests and laborator; 

‘learly support the superiority of con 


in minimizing dazzl nd preserving esse! 
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ilize the combined information giver 
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Applications for 
Retired Membership 


By action of the membership of I.E.S., the 
new retired membership classifications be 
came effective in the fiscal year beginning 


last October. Privileges in these new grades, 
earned by long membership in the Society, 


include reduced annual dues ($5.00) with 
continued receipt of all Society mailings in 
‘luding ILLUMINATING ENGINEERING. Such 


members will be designated as Member, Re 


than the labo a. 7 ; , 
oe : . tired; Associate Member, Retired. 


GE Tee Those who are interested and qualified (at 

the anvertts least thirty years of membership and 65 
years of age) should address a letter to the 
General Secretary at Society Headquarters, 


further ap . . . 
: stating that they have retired from regular 
tests were lear ia : 


borator. 


occupation in business or profession. 
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The Employee Takes a Dim View meoar’ ee 
Of Lighting Percentage Distribution of 58 Themes 


in All Divisions 


Divisions 
lay com Mention 


: of Tota 
i employees Theme Name 
n given opportunity to 


jobs, placed light 


eontest” 


My Job 


analyzed 
al for the 
supervisor 

a body « 


' ; 


sonal do¢ 
’s thoughts, when minds were at 
ut subjects of importance to themselves 
is important to the lighting industry 
ors Corp. is a highly successful opera 
ees and plants are lighted to stand 
generally found in industry. Most of the 
‘esponded, rather than a few articulat: 
s. Analysis of the entries showed that th 
f G.M. divisions’ participation was fron 
ent to 100 per cent The entries were not 
w discriminating. literary persons but ~ 
ross-section 42. Lighting 
ews to the illuminating engineer to to be 
ighting ranked ahead of pension plans Plant Lox —- a 
Personnel Depart 
on and transportation, washrooms, i 7. Washros 
ees, paid holidays, parking facili 
rooms, rest periods, open house, and 
however, lighting showed up 
$1 other themes which 
Among them wer 


ride in compal 


Insuran ‘urity pria 








ation, recreation, hospitalization 
air and temperature and caf: 
employees would be influential in lighting only 
trv to sell a lighting job it were extremely substandard. Without employee 
nployees would be most difficult education, it is most unlikely that lighting would 
familiar with the immediate and take preference over many of the 41 fringe ben 
[It would appear that today fits mentioned 
T. D. WAKEFIELD 
Executive Vice-Presides 
The Wakefield C 
Vermilion, Ohi 
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IGHTING 


Council Meets in New York City — recommendation by the Finanee Commi 
Summary of Action Taken pan 


George . raylor, Chairman of the 


the I.E.S. met i Regional Activities Committee, reported 
eraton Hotel in New ork - ’ , n a lively seminar on Effective Opera 
Marshall N. Waterman ff tepresentativ ssell | tion of Sections and Chapters, which the 
Committee held April 16. A report was 
began with an outline of New CHAPTER AND also made, by Nelson Warner, on the 
yf the Society, by [TRANSFERS TO SECTIONS analysis for Planned Chapter Develop 
R. G. Slauer, and a ’ ment. The analysis would seem to show 
Canadian Regional Vice-President J 0« y 

port tr Ww. - Lowell P 
c= I Thomas announced that the St. Mauric« 
Finance Committee : , ' population centers without I.E.S. Sections 

Valley group, at Trois Rivieres, Que., has 


that in Canada there are only two large 


: or Chapters, and in the United States, 
— ' met the Constitutional requirements as an = an . - 
SHIP STATISTIK 105 metropolitan trading areas are with 
1.E.S. Chapter, noting that a previous . 
Chairman of the General Council meeting had approv 1 its Charter out I.E.S. centers Recommendations for 
t ii ‘ ‘ ct ical ef 
I lee I ) y this situati ere discusse 
Examiners, reported the ele« when these requirements were met. Th mproving iation were discussed 
»f 108 Associate Members and rein St. Maurice Valley Chapter is the Soci 
¢ 7 and the election of 2! ety’s 76th TECHNICAL REPOR 

rs fer da lo 4 ’ ; . . . 
‘ Recommendation Three other Chapters were elevated to Activities of the I.E.S. technical com 

. lo + al ( >+ ‘ ¥ ‘ " ’ v 

made ) ection/reinstatement of Section status on the recommendations of mittees were outlined by C. L. Crouch, 


har . ¢ Pe - toh? > on 
nine Members and the transfer of eight their respective Regional Vice-Presidents Technical Director and three committee 
Associates to Member grade. Favorablk These are: Miami Valley, Ottawa, and reports submitted for letter ballot. These 
action on the Board’s report, with other San Diego 


membership changes, brought mem Action was also taken approving the Te ’rocedures Committee Report 


. ehin (r n Xtal ' . . 
bership figu h é l equ ) 1e Southwestern Section for ‘LE de for Photometric Meas 
lowing tal t hange i ume to North Texas Sex I * Fluorescent Lamps.” 


September 30 Procedures Committee 


ass “T.E.S. Guide for Photometric Testing of 
ae ners ap tne ears THER GENERAL COMMITTEE REPORT Outdoor Fluorescent Luminaires.’ 


The Procedures and Policies Committe¢ Daylighting Committee “Proposed 


submitted a statement on I.E.S. policy Guide for Measuring and Reporting Day 


ith respect to awards and trophies. Fol light Illumination.” 


discussion, the statement was re The General Secretary announced the 


back to the Committee for further favorable letter ballot on two committee 

ation reports: 

Committee on Public Relations resting Procedures Committee — 
ind Information, James Chambers, Chair “T.E.S. Guide for Photometric Testing of 


_ man, presented a proposed public rela Searchlights.” 
commer! > . 1 ’ 
, ions program, with a request for further Industrial Lighting Committee 


. l carry it out 4 vote of the “Lighting of Indoor Locations of Central 


on Properties 





Regional Conferences 


Reports on the conferences held in the Pacific Northwest Re- 
gion (Victoria, B. C.), the South Pacific Coast Region (Los 
Middletown Electrics —— Angeles, Calif.) and the Inter-Mountain Region (Albuquerque, 
- } —eellag N. M.) will be carried in the June issue of I.E 
ficial Repr 
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Here and There 
With 1.E.S. Members 


LADIES NIGHT meeting of the Eastern Penn- 
sylvania Section (right), on January 15 in 
Reading, Pa., featured Willard Brown as guest 
speaker. Left to right are: Mr. Brown; Frank 
Heins, meeting Chairman; Mrs. C. A, Oerkvitz, 
First Lady of Eastern Pennsylvania; R. J. Pretz 
man, Secretary-Treasurer; Fred Gochenauer 


and Paul Kinsey. Past-Chairmen. 


FINALISTS in the Southern California Section contest 
for My Most Interesting Lighting Job, with the contest 
chairman. Left to right are: Harold Strahn, first place; 
Phil Martin, second: Jon Shirley, third: and Chairman 


Robert Ford. 


COLOR and Light was the topic of guest speaker R. CG. 
Slauer, I.E.S. General Secretary, at the March 19 meeting 


of the Western New York Section. In the photo are: Leo 
P. Gauthier, Mr. Slauer and Section Chairman Byron F. 


Lyth, Jr. 


SOME of the more than 100 people 
who attended the March meeting of 
the Atlanta Residence Lighting Forum. 
Miss Ruth Patterson from Dallas was 
guest speaker, with the topic “Big 
Things Happen in Texas.” 
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Outdoor Lighting — Topic for 


Full-Day Denver Meeting i. S 
New Developments in Commercial and 
Industrial Outdoor Lighting was the gen ] CHEDULED 
by 


eral topic of joint meeting, sponsored 


4 


the Rocky Mountain Section of LE. 
and the Rocky Mountain Electric League 
April 24 at the Hotel Shirley-Savo) 


D May 20-24, 1957 — National Fire Protection October 4-9, 1957 Society of Motion 
enver Ags , - r 


iation Annual Meeting, Statler Hote re and Television Engineers. Hotel Sherat 


I.E.S. President Marshall N. Water Los Angeles, Calif sdelphia. | 
man was featured speaker at the dinner May 23-24, 1957— East Central Regional gctober 5-8. 1957 


] . ’ rT 5 Internation 
climaxing the day’s activities, during Conference, Iluminating Engineering Society, n of Electrical Leacues, Sinton 
< : William Penn Hotel, Pittsburgh, Pa nnati. O} : 
which eight speakers, from the East 
Coast to the West Coast, covered differ May 26-29, 1957 -— National Association of 
Fle a] Distributors, Sheraton-Park and 
Hotels, Washington, D. C 


October 7-9, 19 
ent aspects of the topic Program and Conference, Ir rte 
speakers were June 4-6, 1957 — Chicago Electrical Industry October 7-11, 195 
: Show, Conrad Hilton Hotel, Chicago, Ill Electrical Engineers 
Morning pa - 


June 12, 1957 1.E.S. Council Meeting, New cag 
Movie on Playgrour sighting wrk, N.Y 


Street I ng ! Reve I 
- * we eae June 13-14, 1957 — Northeastern Regional 
T i in ri , nference, Illuminating Engineering Society te Niagara Fall 
rends i] ( t r over rau t zs 
: : " tienes, @ tel Statle New York, N. ¥ 
Gene z _ i : hutdoo - gi October 21-25, 1957 
sion endersonville, ! : June 14, 1957 ety ¢ F Engi 45th National Safet 


Outdoor Licht * 2 . 
atd ghting neers, Regior Techr nfe tien. Chicane 


October 9-11, 19 
Manufact ers Ass 


October 26-31, 1957 


am I ‘ June 24-27, 1957 
Francisco feating and Air-Conditior > Engineers ng Edeewater B 
y Bay, Quebec, Que. 
Afternoon October 27-30, 1957 
. June 24-28, 1957 American Institute of f Electrica istribut 
‘lastics in Lighting — H. A. Williams, R Electrical Engineers, Summer General Meeting nors), Skytop Lodge, § 
& Haas, Philadelphia Pa Montreal, Que 
Present and Future of the Plas Week of November 
James Howenste N *roduct I August 28-30, 1957 American Institute of tr Contractors 


I s Ohio lectrical Engineers, Pacific General Meeting 0 


10, 1957 
Associatior 


Yakima, Wash 
ig Sy : 1 yu 8¢ November 11-15, 1957 National Electrics 
Lamp Division, Bloomfiek - September 9-13, 1957 — Illuminating Engi Manufacturers Ass ition, Traymore Hotel 
Outdoor App ations f : allastless Mer neering Society, National Technical Conference, Atlantic City, N. J 
cury Vapor Lamp Herber Andersor Biltmore Hotel, Atlanta, Ga 
Duro-Test Cory orth Bergen, N. J November 18-21, 1957 10th Exposition of 
Dinner: Speaker, I 3. President, Marshall September 24-26, 1957 — Institute of Traf the Air-Conditioning and Refrigeration Indus 


N. Waterman, Westinghouse Electric Corp fic Engineers, Statler Hotel, Detroit, Mich try, Navy Pier, Chicago 
Bloomfield, N. J 


In addition to members of the Rocky 
Mountain Section and Southern Color: 
Chapter of LES and = _ the El 
League, invitations were sent to ot! 


electrical contractors, sign companies, 


architects, oil companies, state and city 


officers, recreation departments and the 


publie utilities 


Panhandle Chapter March Meeting— 
A Drama in Two Acts 


Newspaper headlines all over the cour 
try told of the record blizzard which, 
beginning the night of March 22, covered 
the area from Wyoming to the Oklahoma 
and Texas Panhandles. A report from 
Amarillo, Texas, gives an inside story on 
how I.E.S. members coped with the bliz 
zard to hold their regularly scheduled 
meeting. Announced as speaker was 
Charles K. Champlin, Illuminating Engi 
neer of Edwin F. Guth Co., St. Louis. 


By mid-Monday, Amarillo was begin PRINCIPALS in the two-part meeting of the Panhandle Chapter, LE.S., March 


ning to dig out. That evening the meet 25-26. Left to right: Tom Lynn, Chapter Chairman; Gene Woodall, Guth repre- 


ing began on time. Gene Woodall, Guth semtative from Dallas; Charles K. Champlin, who fought a blizzard to keep his 
representative from Dallas, who got in engagement. Not shown, L.E.S. members who attended two sessions to hear the 


Continued on page 12A talk on “Luminous Ceilings. 
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DECIDEDLY BETTER 


DAY-BRITE 
Sighting Fitures 


Lower costs with new high-output CFI 


Equipped with new high-output, rapid-start lamps, the new 
Day-Brite CFI (Comfort For Industry) fixtures provide a 
high level of over-all illumination at lower over-all cost. 


The new CFI fixtures are designed with slotted openings in the 
reflector tops which direct a portion of the light to the ceiling and 
permit natural updraft ventilation. Maintenance is reduced 
because reflectors and lamps stay cleaner longer—resulting in 
extra light at no extra cost. Also, eyestrain and fatigue are 
minimized because harsh ceiling contrasts are washed out. 


For the newest idea in industrial lighting, consult your Day-Brite 
representative. He’s listed in the Yellow Pages. Send for new 

CFI literature. Day-Brite Lighting, Inc., 5432 Bulwer Ave., 

St. Louis 7, Mo. 


NATION'S LARGEST MANUFACTURER 
OF COMMERCIAL AND INDUSTRIAL 
LIGHTING FIXTURES 


Transformer test and repair shop, Rochester Gas & Electric Corp., 
Rochester, N. Y., equipped with new Day-Brite CFI-25 fixtures 





Lien: paints magic pictures on TV 
screens in homes throughout the land. 
But before the wizardry of electronics 
takes over, controlled light in the studio 
gives vision to the camera’s eye. 

And Corning lenses give lighting fix- 
ture manufacturers the precision, con- 
trol, and economy they require. 

Lenses for studio lights are just one 
of many purposefully engineered glass 
products for making light do man’s 
bidding. 

You are invited to take advantage of 
Corning research and facilities in get- 
ting the special lenses to handle your 
light control problems. Your inquiry 
will be promptly answered. 


v 


CORNING GLASS WORKS 
CORNING, NEW YORK 


Coenaeg means reseacch ix Glladd 





ORGANIZATIONAL meeting of the Dalles Residence Lighting Forum on 


Residential Lighting Forum March 29. 


Organized in Dallas 


tlined the advan home of Miss Ruth Patterson, which was 


etions of such a the winning entry in the residential sec 


new group is tion of the Section’s recer 
personnel, 9 ele My Most Interesting Lig! 


it contest for 


. ting Job 


Southwest inufacturers’ rey 

meeting 
| Clarence ‘ollowing unner mecting, © Twin Cities Lighting Fair — 
of the atte ¢ were invited to inspect t A Conference and Exposition 


The Twin ty Section of IL.E.S. and 
North Central Electrical League 
joined with tl Northern States Power 
Co. on March 26 and 27 in sponsoring a 
1957 Twin Cities Lighting Fair, at the 

yun Beach Hotel in Minneapolis 
Fair consisted of educational meet 
featuring nationally-known speak 
lighting equip 
ts and engi 
_0 sSess1on, and 
listributors on 
gram began 
d by after 
1 discussions « shting in hospitals, 
tores, filling 
ig lots, con 

cluding with a dinner meeting. 


Main speaker at the dinner March 26 


was C. L. Crouch, L.E.S. Technical Diree 
tor. This was sched 


iled as the regular 


monthly meeting of the Twin City See 


ed on page 15A) 





VISIT to the home of Miss Rath Patterson followed the business session of the Address Changes should be re 
Dallas Residence Lighting Forum. Left to right are: Miss Ann Hardin, Oscar ported to I.E.S. Headquarters by 
Springfield, Mrs. Cecille Hargrove, Miss Ruth 


, . he firs f any month, to insure 
Patterson, Clarence Cockrell, the first o ; 
Mrs. Lucile Payne and Frank Payne. 


: ’ : : the uninterrupted mailing of I.E. 
Miss Patterson’s home won first prize in I e . 
beaall an ther Society communications. 
the residential part of the Southwestern Section’s contest for My Most Interest- G oun ev) 
ing Lighting Job. 
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IN SUN-TAN BROWN | 


IN SEA-MIST GREEN 


New Westinghouse 


luminaires 


A new idea in color lighting 
to accentuate decor in 
offices, stores and schools 


Color comes alive with new Westinghouse Carousel 
luminaires — snaps to attention for you in perking 
up office morale, sparking merchandise with extra 
sales excitement and appeal. You get the same ani 
mation in classrooms 

Colored metal side panels and all-metal louvers in 
the new Carousel luminaires diffuse a soft, smooth 
wash of light which emphasizes specific colors with 
out repelling others 

With new Carousel lighting, colors literally sing in 
harmony to create exactly the working and seeing 
atmosphere you desire and need 

Carousel luminaires are comfortable to see by 
equally easy to look at. They take the edge off annoy 
ing brightness — eliminate glare. And their colorful 
smartly styled appearance adds a subtle touch of 
beauty to any decorating scheme 

Call your local Westinghouse lighting representativ: 
for all the colorful details on new Carousel lighting 
Or, write Westinghouse Electric Corporation, Lighting 
Division, Edgewater Park, Cleveland, Ohio J-04407-A 


you can BE SURE...1F ITS 


O 
Cc 
“ 


Westinghouse @ 


‘Roy 
_- 








ATLANTA 


HAS A 
CANDLE IN 
THE WINDOW 


IBS 


THIS YEAR 


IN ADDITION TO... 


a full presentation of the latest developments in the art and 
science of illumination. 


WE ARE PLANNING ... 
@ A Plantation Party @ Historical Tours 
@ An Old Fashioned Barbecue ®@ Ladies’ Events 
@ Golf 


Yall Come! 


1957 National Technical Conference 
Illuminating Engineering Society 


Atlanta Biltmore Hotel September 9.~|]3 
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Advanced Lighting Course 
Offered in Tampa, Florida 


Beamed especially it electrical 
tractors ind their employees, 
vanced lighting course was re« 
ored by the Florida Section, 

Lighting Department 

Co Attendance ave 
even meetings nd 


] 
ve CLASSeCS 


ecelve 


jes and 


ATTENDANCE averaged 85 at each of the seven sessions of the Florida Section 
advanced lighting course. Here W. V. C. Foulks speaks on “Candies and 


Comfort” at the final meeting. 


Street Tree and Utility Conference 
Summarizes Recent Meeting 


\ reports of the Second Street Tree 
tility Conference, held Mareh 7 and 
idd up to the con or four months. 

gratifving suecess ordered now at a 
egistration was 218 from 23 states expected that after 


» provinees of Canada At its con known, a lower rate 


registrants voted overwhelm elt ’ itor, ‘ leveland Pe Mr to copies purchased in 
another such conference in Edison Electrie Institute is 


irs ‘rogram fron \ditor’s Viewpoint” handling the printing of the proceedings, 


lwo changes from the tentative pro l ( of the con ind orders should be sent to E.E.I. 


7A, February ference, W , ul this meeting Continued on page 16A) 


BUSINESS session at the Second Street Tree and Utility Conference. 
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Southwestern Section Sponsors 
Applied Lighting Course 

Ar ght-ses I 
differ 


QUIZ time at the Southwestern Section’s applied lighting course followed the 
instruction and slide film period. 


April 15 machine design division of tl \merican 


Society of Mechanical Engineers is spon 
soring a three-day conference on design 
engineering problems the electrical 
March £g g ] 


‘ 


mechanical and materials aspe 


March 


British Columbia Section 
Holds Fundamentals Course 


A complete course on the fundamentals 
March 2: of lighting, in eleven weekly lectures il 
Second Design Engineering Show lustrated by films and demonstration 
May 20-23, New York City equipment, attracted an enrollment of 
P 140 in the British Columbia area 
ymponent parts, materials, fasteners, The course, sponsored by the British 


and coatings, shapes and forms ' ‘ 
. 5 I . Columbia Section of IL.E.S eovered the 
to vroduct development » 2 
; I : theory of light, partnership of light und 
t the second Design Engi 


F sight, industrial, office, school, store and 
20-23 at the New 


residential lighting, as well as fundamen 


April 8 : ' 
York Coliseum, N« York City. ; . 
; tals on home wiring. Speakers were lead 
Coneurrently with the exposition, the : 
. ing authoritics in the lighting industry 
Chairman of the course committee was 
H. G. Foster, Illumination Specialist, 


Northern Electrie Co., Ltd., Vaneouver 


Increase Reported in 
Engineering Student Enrollment 


More students are preparing for engi 
neering careers this year than at any 
time since 1948. Figures compiled by the 
United States Office of Education (U.S 
Dept. of Health, Education and Welfare 
and the American Society for Engineer 
ing Edueation show a total of nearly 


243,000 studying in accredited engineer 


= ing colleges last fall. 
> = , - This total is almost equal to the all 
Z ' 5 a time high of 1947, and the trend is re 
¥ ported as still upward. Enrollment of 
e : students is up 20 per cent over 


senior 


. aa 955. Electrical engineering has taken 
FUNDAMENTALS of lighting attracted an enrollment of 140 to the British . — 1s? : ‘ 


Columbia Section’s ll-week course. Continued on page 19A) 
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MORE SUNBEAM LIGHTING GOES UP AS 
CEILING HEIGHTS COME DOWN 


In keeping with the modern trend toward lower and more functional 





ceiling arrangements, Sunbeam Lighting Visionaires® prove their adaptability 
end flexibility daily. New ceiling construction methods are kept under con- 
stent study by our engineers so that maximum versatitity and simplicity of 
installotion are designed into every fixture. Our recessed, “large area’ 
3600 series, for instance (photos 1 and 2), are as easily installed or re- 
located within suspended ceiling systems os the acoustical panels them- 
selves. Other units, such as the standard 5600 series troffers, are adaptable 
to a wide range of installation requirements including suspended, ‘'snap-in" 


T-ber mounting (photo 4). 


Our newly developed CSM7 hanger for ‘surface mounting" of lumi- 
naires directly onto suspended ceiling runners eliminates the need for 
seporocte and costly hanging systems (photo 3). Every effort is made to 
construct Sunbeam Visionaires® so that they may be installed and main- 

tained with minimum use of tools. 


stiblig 


sstcnricencnid cove, I witoomioe SUNBEAM LIGHTING COMPANY 


Remember, for the ultimate in 


it’s the SHALLORAMAY! 
777 East 14th Place, Los Angeles 21, California 
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Where her safety is involved... 


you can depend on 


Why? Because Kopp glass is precisely designed 
for its specific job. Whether your requirements 
call for color transmission, light distribution, 
beam control, dimensional accuracy or any 
other individual characteristic—Kopp engi- 
neers design industrial glass products to meet 
those exact needs 

Furthermore, a Kopp-engineered product is 
manufactured of the finest, carefully-formu- 
lated ingredients. Every step in the production 
process is individually and rigidly controlled. 
Each product is thoroughly inspected and tested 


to assure highest quality and uniform depend- 


p engineered glass 


ability. That’s why users of Kopp glass always 
receive top-quality performance mighty im- 
portant where human safety is involved. 

Only a few of more than 1000 highly-special- 
ized items made from over 100 varieties of 
glass by Kopp are shown below. Call us today 
for assistance in solving any incustrial glass 
application problem which you may have. 


KOPP GLASS, Inc. 


Swissvale, Pennsylvania 


j 
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over first place as today’s most poy 1957 Regional Conferences, 1.E.S. 


field, with mechanical, civil, chemi 
: > 
aeronautical engineer uv rollowll ! Region Place Date 


that order Canadian Sheraton Brock Hotel May 16-17 


A full report Niagara Falls, Ontario 


ment has be 


ts Mareh 1957 aa > "Ee East Central William Penn Hotel May 23-24 


aah nities im ate Pittsburgh, Pennsylvania 


Northeastern Statler Hotel June 13-14 
New York, New York 








British “Light and Lighting” 
Features Cinema Lighting 





\ special feature on cinema lig! 


ed in the March 1957 issu 


New Approach Lighting System 
Commissioned by U. S. Air Force 


CLI Offers 
Annual Spring Courses 


= | International Competition for 
rhe Chit 


Solar-Heated Residence Design 


ago Lighting 
Chicago Section of ILE.S 
nois Institute of Techno rchiteetural 
this vear ¢o sponsoring tl 
idapted 
the Southwest 
s been announce: 
president of 
ad Solar Energ 
Phoenix, Ariz r. Oostermever 
that $2500 and a contract 
chitectural services fo 
ing of the winning ce 
first prize Awards 
$500 will be mad 


whose designs re 


competition, open to practh 
designers and students thro 

out the world, will close on August 15, 

Professional advisor for the con 

is James M. Hunter, Fellow A.I.A., 

of 1126 Spruce St., Boulder, Colo. Pro 

spective contestants may obtain from 

Mr. Hunter, at any time up to June 1, 
1957, the detailed program for the com- 

petition. This program contains the re 

quirements which contestants must meet, 

as well as the specifications for the resi 

dence and the Phoenix area climate data 

The first prize-winning design will be 

incorporated into a residence to be built 

at Sundown Ranch in the Paradise Valley 

LANDING gear and flaps down, an eight-jet U. S. Air Force B-52 Stratofortress area northeast of Phoenix. The residence 
descends over the new approach lighting system at March Air Force Base, is to be designed for a typieal Arizona 
Riverside, Calif, ontinued on page 20A) 
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Pendergast 


Service Distr 


' the So 
Thomas P. 
Baltimore Md 


si 


Minter 


Oddy 
Gordon Thompson, 


Robert 


Lankering <i “J 
E. Bo 


Processing 


th John 


Centr Service ] 


Shaw 


th 


Wolfs cr 


son, 
Davenport, Pr 


Walter E. 


Pr nt: Garth 
Howard M. 


Russell E. 


P +} ed 


Kingston, 


G. A. Hochenauer has 


service dis 


its, and the ap 
wers in General 


Ware 


peen an 


housing 


in the Soutl 


District ( l 
H. Sacia 


Service 


as mal 
District in the 
on, with Philip J. 
lex 
rn Serv 
James H. Strain 
N. ¢ Servier 


ithern 8S 


Holden as m 


District in the 
on, with Allen B. 


The four ne con 


perv 


ure Proce 
n the Sout! 


William 


th Edward C. Longstreet as n 


P 


n 


Centra 
yd as mar 

er Accounting 
tegion, with Arthur E. 


th he idqu er 


been 
¢ 


orp hav 
e company’s Board 
W. Benton Harri- 
Dr. Lee L. 
sident nd Tre 


ire 
isurer : 
Vice 


Con 


Executive 
W. Edwards, 


Cohen, Seer 


been appointed 


Smoot-Holman 








1.E.S. National Technical Conferences 


Atlant 
Toro 


all | 


Biltmore Hotel 
Royal York Hotel 


ont 
} ‘ 
AlLTO 


Hote 


Per Sheraton 
Pennsylvania 
Chase Pa 


Missouri 


a, Georgia 

ito, Ontario 
Mark Hopkins 
rhia 

|, Pittsburgh 


St. Louis, 








Mr Hoche 


member of 


Southern California area. 
active 


and 


Southern 


nauer has been an 


LES. for many ars, is currently 


Chairman of the California 


Seetior 


Charles C. Warne, Jr., has been 


vice-president in 


hamed 
Hul 
and 


the 


bard and Co.’ 


Having joined 


Mr. Warne has 


mana 


luminum products 


company 1936, been 


lent and general ger of 


iee- presi 


the aluminum products sales and manu 


fact iring operations since 1950 


Ine. has 
appointment of Robert E. 
Assistant to the 

\ Vie 


Lewis 


of 


Sylvania Electrie Products 
innounced thé 
President, on 


President of 


Lewis ais 
special assignments 
Mr 


President 


the company, will also con 


tinue as Svylv 


Cameras Division. 


General Eleetrie (C« Apparatus 


The 


Sales Division has formed a new South 


Atlantic Sales District, effective May 1, 
North 
and 


district 


to Carolina, South Caro 


service 


lina, Tennessee Virginia. Headquar 


ters for the new are in Charlotte, 
N. C. J. Frank McElwee, Jr., formerly 
the Area Man 


district 


Tennessee 
ager, is the 
R. H. Jackson, with headquarters in At 
of the 


Department’s 


Manager of new 


lanta, is Manager Southeastern 
Alabama, 


of 


District, serving Georgia, 


Florida, Mississippi and part Louisi 


na 

Philip P. Wienick has been named 
National Sales Manager of Modern Light 
t Co., ro, Ill 


& Equipmer Chica 


Walker Co 
Fran 


Refleetor 


Appointment of the L. V 
as sales representative for the San 
for Pittsburgh 
announced Heading th 


is Leonard V. Walker. 


¢18¢0 


te rritory 


Co. has been 


inization 


new org 


Inc. has named Ira 
presentative in 


Mr. Newman 


1949 


Swivelier Co 
the 
has 


Newman as their re 
New York ¢ 


with 


ity are 


been the company sines 


d sales engineer 


New York § 


rhting specialist an 


Treasurer of the 


tarv of 


Dr. L. J. Buttolph, 1.F.8 
utive the 
Dr 
Park, 


General 


been appointed exer secre 
Noise Abatement 


resident of Cliffside 


National! Couneil. 
Buttolph, a 
N. J 


Eleetrie Co. 


recently retired from the 


The Unistrut Products Co., Chicago, 
has appointed Clem Kopf as 
its distributor organization, 


21st 


manager 
Unistrut 
Mr. Kopf 


manager for 


of 
Philadelphia, 530 N. 
a branch 


St 
was formerly 
Westinghouse Electric Supply Co. 
Continued on page 23A 
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MAY 


see 
alemastehal 


from 


yaslerel in 
Holman 
first! ... 


SKYLIKE 


MASTER FLOOD 


RECESSED TROFFER 


EDUCATOR 


1957 


.for the best in 


school, 


commercial and 


industrial lighting 


No matter how difficult 


the illumination problem 


the Smoot-Holman 


lighting expert is the 


man to see! Here 


is trained ‘‘know-how’ 


backed by Smoot 


Holman’'s 


modern plant facilities 


Flalemeler- lie, 


lighting equipment 


Call your local 


yaalele) ain l®)isil-lamelbile me) 
write direct. Ask to 


see the man 


i gelenmeiiilele) @iale)isar- la) 


PERFECT VISION 


RLM DOME 


SMOOT-HOLMAN 


INGLEWOOD, CALIFORNIA 


commer 


1 
al 
ia 


and industrial 


lighting 
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8S TIMES BETTER 
BRIGHTNESS CONTROL 
THE NEW MILLER — we 
INDUSTRIAL POWER-GROOVE 
IP 2501-08 xXTURE 


@ Alzak aluminum reflector 
@ 35° crosswise shielding 


@ 25% upward light Now, with this new 8’ Miller fixture, you can efficiently 
harness the 26,000 lumen output of two G-E Power-Groove 
fluorescent lamps. It provides seeing comfort while enabling 
users to obtain high levels of light with fewer fixtures. The 
key comfort feature is the specially designed Alzak alumi- 
num reflector with 35° crosswise shielding. This limits 
brightness within the shielded zone to less than ¥% that of 
comparable fixtures with porcelain enamel finish! A 25% 
upward light component gives comfort a further assist by 
helping to control brightness contrasts. And the ventilated 
open top has a “self-cleaning” action which helps keep light 
output high and maintenance costs low. A louvre with 30° 
lengthwise shielding is available. 


Miller is the first major manufacturer to market an all-new fixture for use with 
Power-Groove lamps. For further information, contact your representative, or write: 


THE MILLER COMPANY, DEPT. IPG-5, MERIDEN, CONNECTICUT 
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Continued from page 20A 


The of Richard N. Ver- 
shure and Gabe Rice as 


appointment 
sales re prese! 
Virden Co.. Cleve 


Mr. Vershure 


tatives of the John C 


land, has been announced 
been 


Mr 


Kentucky 


issigned the 
Rice 


and 


has Michigan territory 


will Southern Ohio, 


West 


and 


cove! 


Virginia 


rhe 


bury as 


H. | 
supervisor 

New 
Metropolitan district 


by 


ippointment of 


ge Wood- 


for lighting 


sales 


products in the York section of tl 


has been announced 
Syvlv Products 


Woodbury 


iectric 


imia } Tne n 


his new post, Mr 


will 


sponsible for the direction, supervisior 


the light 


ing f 
tng 


and administration of 


bounded | 
N.Y., at 


sales the area 


New 


brid 


activities I 


York City, | 


oug! keepsie, 


geport, Conn He will continue 
make 
trict 


bor 


Syivania’s Li 
the 
Houston as 
the 


ghting Division also a1 


appointment of Robert 


nounces 


ighting sales supervisor for 


northern New Jersey area, wi 
Prior 
had 


lightis 


headquarters in Teterboro. 


Mr 


sales representative for 


appointment, Houston 
the 


s10n 


Federal 


promoted 


Sign and Signal Corp. has 


Don F. Feerer from general 


electrical ad 


Mr 


manager of the company s 


vertising division to vice-president 


Feerer has his headquarters at the com 


pany’s general offices in Chicago 


Nuclear Corp has 


plans to build at 


Sylvania-Corning 
announced Hicksville, 


N bl at 


elements 


facility to produce atomic fuel 
research 


The 


posed 25,000 square foot plant is planned 


for reactors used in 


and electric power generation pro 


for a three-acre site adjacent to the 


company ’s 
John C, 


manager at 


present pilot-plant operatior 


Robinson, commercial! 
the 


operating 


will be 


produ 


pilot plant, 


charge of the new 


plant 


Henry Kogel, Staf 
of Motion 
has 


Century 


Soci 


Engineer 


Pietur ind Television Engi 


neers, resigned to accept a pos 


Lighting Co., wh« 


the 


with 


activities will be chiefly in 


television studio lighting 


Light and Power Utilities Corp., Men 


phis, Tenn., have announced the 


promo 
tion of Nathan Tamm to the position of 
Mr 


for 


Tamm 


the 


vice-president. was produce 
tion 


1953. 


manager company since 


Also announced were the appoint 


ments of Jim Clary as sales manager 


and Marshall Gerber as office manager 


MAY 1957 





OOKS AND 
PAMPHLETS 


= No | 


Heating, Ventilating and Air Condi- 

tioning Guide, 1957, 

ished by th 
Air-( 

Ne 


Americal 
ing and 
Worth St., 
technical 
bound 
ssenti ires 
gement of 
preserved 
| Technic 


ywth a 


1956: NBS Miscel- 


laneous Publication 220, availabl 


Annual Report 
fron 
rintendent of 
Printi 


DD. ¢ 158 


Documents, | 


ernment ig 


Office, 


pages, HU cel 


This report summarizes the rese: 


Na 


Standards in the physi 


development activities of the 


sciences ing the fiseal vear 1956 


ef descriptions are given of represe1 


tative accomplishments in each area of 


the Bureau’s responsibilities, which in 


clude maintenance of basic standards, 


determination of physical constants and 


properties of matter, development of 
methods and 
and 
nd 


sections l 


instruments of measurement 


the provision of calibration, testing 


scientific advisory 


Annual 


services 
Re port is composed of 


general review or 


mary, (2) a resume of the Bureau’s re 


search and development work in progress 


or completed during 1956, 4 a review 
libration 


Bure: 


the testing and « program 


4 a discussion of the 


ous 


cooperative ict 


x consistil 
ind organiza 


; 


embers 


ren must be 


and 


fourth 


Foreign inces 


exchange should inelude 


onal one the publication 


over mailing costs 

Proceedings of the Second RETMA 
Conference on Reliable Electrical Con- 
Engineering Pub 
1151, New York 1, 
ie pages, paper bound, $5. 

The RETMA 


sponsored last September by 


nections, published by 
GPO 
103 


second 


lishers, Box 
Conference 
the Radio 
As 


Defense 


was 


Electronics-Television Manufacturers 


sociation and the Department of 


Advisory Kleetroni Parts 


ith the cooper of the 


University 
Pennsylvani s book, the Proceed 


of the me covers 
materiais il 


includes 


lata I 


rical connections, It 
with supplementary 


mation from 23 other 


expe rts 
the 
York 


juare, 


Enrollment in 

ished by N 

Ur Washington S&S 

New York 3, N. ¥ $7.50 

Edited Norman N, Barish, Prof 
and Chairman of Industrial and 

Mana New York 


Engineering 
United States, pub! 


versity Press 


by 


gement Engineering 


~ ug i 
and magni 
manpower 


prot 


> 
ites Asi 


statis 


trends in engin 


ering 
of 


interpretations 


Safety, 
National Safety ¢ 


Ave 


Seven Steps to 


ounell, 


he Couneil’s pre 


“Plus 


fold le 


booklet, 


one let outlines 


of industrial 


I Want to Know About the Electric 


Industry, published by Edison Electric 


Institute, 420 Lexington Ave., New York 
ie Se 2 


The 1957 e 


gives 


ition of this annual booklet 


the latest available figures on the 


electrical industry A new question on 


itomic energy in this edition ninth in 


the to 29 the 


booklet 


brings number of 


series 


questions which the answers. 





following 


Names 


4 ssociate 


Wetmore, A. V 


EW MEMBERS 


f the LES 
New York (¢ 
lected to 


Joint 
‘ity, the 
l were 


marke: 
Member 


membership 


ire transfers from 


Associate Grade. 


ARIZONA SECTION 
Membe 
Public Service Co 


Flagstaff, Ar 


Continued on page 40A) 
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INDOORS AND OUT 
LAMPS ARE IN SERVICE THAN 


They're Job-Tailored to give you the most mercury light for your money 


From West nghouse deve lopn ents like those below , you Can see how the built-in quality of 

Westinghouse Mercury Lamps gives more light when new, more light throughout life, as well 
guaranteed long life. 

« Thorium-Coated Electrodes provide HIGHER LIGHT OUTPUT 

+ Molybdenum Ribbon Seals assure GREATER DEPENDABILITY, LONGER LIFE 

- Hi-Temp Life-Time Bases eliminate INSTALLATION AND SERVICE BREAKAGE 

« Weather Duty® construction with special “‘hard’’ glass. Outside installations can’t be harmed 
by snow, sleet or rain even when lamps are installed without protective coverings . . . or inside 
by fumes, or dripping condensation. 

For recommendations for using the most complete line of mercury lighting—for the right 

kind of lamp for the job—call your nearest Westinghouse lamp supplier or write: Westing- 

house Lamp Division, Dept. T1, Bloomfield, N. A is 


you CAN BE SURE...1F ITS Westi nghouse 





. 
j 
d 


ad 


4 
hd 


SS 


B-H18: 700 W. Fiuo- 
rescent-Mercury 
Lamp. Color-corrected 
Golden-White light for 
general purposes, flood 
and street lighting. A 
Westinghouse exclusive. 
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MORE WESTINGHOUSE MERCURY 
ALL OTHER BRANDS COMBINED 


E-H1: 400 W. Mer- 
cury Lamp. Most 
widely used today. For 
interior and street light- 
ing. E-H1-Y: Built-in 
clear yellow filter warns 
of road hazards 





| 
th 


A-H12-WD; A-H15- 
WD:1,000W. Weather 
Duty Mercury Lamp 
Recommended for all 
interior and exterior 
applications. Widely 
used for industrial high 
bay lighting. Weather 
proof for heavy duty 
service. 





A-H1-WD: 400 W. 
Weather Duty Mer- 
cury Lamp. Recom 
mended for general 
purposes, flood and 
street lighting. Weather 
proof for heavy duty 
service 





P-H1: 400 W. Semi- 
Reflector Mercury 
Lamp. Color-corrected 
Golden-White for all in 
terior uses. Ideal for 
areas of high dust con 
centration 





C-H12-WD; B-H15- 
WD:1,000W. Weather 
Duty Fluorescent- 
Mercury Lamp. 
Color-corrected Golden- 
White light for general 
interior and floodlight- 
ing. Weather proof for 
heavy duty service. 





J-H1: 400 W. Fluo- 
rescent-Mercury 
Lamp. Golden-White 
light ts color-corrected 
for interior and street 
applications. J-H1-Y: 
Rich, yellow light to 
identity road hazards. 
Ideal substitute for 
sodium installations. 


25.4 





STOMPING 
ON THE CEILING’ 


OUND CONTROL CAN BE A MAJOR FACTOR 
IN FLUORESCENT INSTALLATIONS... 
HERE'S HOW TO PLAN IT RIGHT 


In many installations — particularly 
in hospitals, libraries, schools, churches, private 
offices and homes — noise is a critical factor. Ballast 
hum increases in proportion to the number of fixtures in 
a room. So, the greater the number of fixtures, the 
more urgent the need for ballasts with the best 
acoustical rating available. 


There are six important reasons why Jefferson Ballasts 
are quieter, from an integral core structure which WRITE NOW ... FOR THIS 

cannot vibrate within itself, to the complete performance SOUND CONTROL BOOKLET 
tests prior to shipment. Use the sound control chart 
in the booklet offered here to select the proper Jefferson Sound contro! charts and room 
Ballasts for each room’s characteristics. There you'll have characteristic information help 


satisfactory installations — and satisfied, happy customers. you plan properly to eliminate 
complaints. No charge to the 


Where sound control is important chet itiiain beets ceil wien 
Use Jefferson Rated Ballasts and address for your copy 





|) Jefferson BALLASTS 


JEFFERSON ELECTRIC COMPANY © BELLWOOD, ILLINOIS 
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Announcing... 


EWmal-\amallate t-te mx l-s-11¢ lal 


Tammet—iiiiate| 


pan fixtures by 





PERFECLE & 





Perfeclite now offers a new hammer lock de- 
sign in incandescent ceiling pan lighting fixtures. 
No other ceiling pan fixture on the market today 


has all these engineering fectures: Perfeclite’s new hammer lock fixture is avail- 


able in the following sizes: 
e Globe opens on hinge for quick easy clean- Sines 
ing and relamping. Model Diameter Wattage 


Unique safety locking fitter holds globe A - = = ~ 


in place without bothersome screws, unsightly HH-13 12” 2. 75 W 
extensions or trick springs. Globe is secured HH-15 14" 2-100 W 
with lugs by simple twist of the wrist. HH-17 16 3-100 W 


Lip of globe is completely protected against 
breakage by a steel protector ring. 


Fixtures ore 


Seed oo, yy Gaciog Underwriters Laboratories, Inc. 
. y 
Provides ceiling illumination as well as ous sabe Tne of Comme b> opproved. 


evenly distributed floor lighting. candescent Fixtures and Exit Units. *Patent pending 


Minimum amount of metal, maximum amount 
of glass results in highest light efficiency. pemmaete 
; * ; THE PERFECLITE COMPANY 
Here is a unique ceiling pan fixture design for 1457 East 40th Street e Cleveland 3, Ohie 
either commercial or residential installation. For C Please send me The Perleclite Dota Sheet 56-C., 
further information send for The Perfeclite Data CD Please send me the new Perfeclite Catalog 956. 
Sheet 56-C today. pene 


Address 
City 





PATENT APPLIED FOR 


flat sheet 


Extensive research has now 
resulted in a combined acoustical 


corrugated sheet oe —_— 
and lighting advancement of great significance 


SOUNDSHEET TRANSLUCENT ACOUSTICAL ELEMENT For over-all Lighting Systems 


For the first time, efficient acoustical properties have been combined with top quality illumination char- 
acteristics in a good-looking plastic laminate! Soundsheet by Contrex Company supplements other 
acoustical treatments, and can be effectively used with most wall-to-wall or area lighting systems 
now in existence or in the planning stage. Here aré just a few advantages of Soundsheet: 


BALANCED SOUND ABSORPTION — more at low frequencies than the average . 
. of commonly used types of acoustical ahonshorny Good absorption at the conse: CONTREX COMPANY 
higher frequencies. N.R.C 0.70 by independent test for corrugated Sound- 
rw CHELSEA 50, MASSACHUSETTS 
QUALITY ILLUMINATION — softly diffused lighting free of shadows and refle- gp gg eeeeeeesees eee eee eeee 
tions at high efficiency , 
EASY TO INSTALL — available in all stondord widths; adaptable to most . “At '° ns pan Ey Fn 
available over-all ceiling equipment, now installed or on order . CONTREX COMPANY ss Sea 
AVAILABLE NOW — in either corrugated or flat sheet — consult your lighting CHELSEA 50, MASS [_} Sane Deve your caprosent 
equipment manufacturer for use with his equipment 
LOW COST — initial and operating expenses — very little maintenance nec- NAME 
essary — Soundsheet is completely washable. 





Company 





Soundsheet harmonizes perfectly with any of today's architec- 
tural interior concepts. Contrex Company invites you to examine ADDRESS 
this new plastic laminate — Soundsheet — and learn more 
about its advantages and how they can benefit you city STATE 
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Developed for Contrex by Bolt Beranek and Newmon, Inc @®eeseeeeeees @®e¢ee0e7ee#2e#ee#?esé 
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The thinnest fixture ever designed with no dark areas 








FOUR LIGHT (as shown): 2%4" x 25%" x 48%" 
TWO LIGHT: 2%" x 1442" x, 48%" 


) wo Yih Ceiloe35 


[his beautiful surface-mount fixture is only Not only is this new fixture the best- 
2%" deep, the thinnest ever designed with- looking you ever saw, it has many new and 


out panels or strips to conceal the ballasts. _ practical design features to make installation 


In the Ceilo-35, the ballasts are mounted in faster and maintenance easier. 
the sides, an exclusive Gibson development 
which provides a smooth, unbroken panel 


of light. WRITE TODAY FOR COMPLETE INFORMATION 


Makers of the world’s most versatile fixtures | ortho-77 am 


ie <8 BSD / 
DENTINE lJ anutaclurung Co. 


1919 Piedmont Circle, N.E., Atlanta 9, Georgia 





New fixture wire virtually ends breakdown 
from heat and moisture in recessed fixture leads 


Everyone agrees that a good recessed lighting fixture must 
be good throughout. It must operate faithfully so that 
callbacks and customer complaints are kept to a minimum 
Until now. a major source of trouble has been failure 
caused by breakdown of the insulation of the lead wires. 

These failures were usually caused by a combination of 
excessive heat and moisture trapped in and around the 
fixture. The problem is solved by General Electric’s new 
silicone rubber wire. It operates safely at conductor 
temperatures as high as 200 C. And it has excellent resist- 
ance to moisture and heat-aging as well 

Listed by Underwriters’ Laboratories, Inc.. G-E silicone 
rubber wire meets the acute demand for fixture wire rated 
at least 150 C for use in wet locations. Because it is flex- 
ible, clean-stripping, and easy to handle, G-E silicone 


rubber wire requires no special installation techniques. 


SHOW THEM YOU'VE GOT IT— Just 
display this tag. It proves your fixture 
is protected by G-E silicone rubber 
wire against insulation failures due to 
heat and condensation. And you can 
give your fixtures an extra boost by 
taking advantage of G. E.’s free pro- 
motion folders to include in your fix- 
ture packaging. When you use G-E 
silicone rubber wire, the tag and the 
packaging folders are yours, for the 
asking, from General Electric. 


FOR COMPLETE SPECIFICATIONS and a sample. write 
Section W180-578, Wire and Cable Dept., General Electric 


( ompany, Bridgeport 2. Connecticut. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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For general illumination, 
by Sylvania provides 


extremely high, 89.8 
ciency 


no additional cost 





oe al ier Rhea rou) A . 


The Scott fixture 
soft, even light, has 


llumination effi- 


giving a bonus in performance at 


The Scott 


of vision 


For close-work areas, Mounting 


parallel to workers’ line brings 


Shielding benefit into 
combines 


ition 


maximum lengtt wise 
tic louver 
appearance with install 


and maintenance features 


play. Lightweight plas 


outstanding 


Supplementary lighting no longer needed... 


Sylvania’s Scott Fixture now provides 
precision lighting at Bendix Aviation 


[ WORKED OUT an unusual and 
successful lighting approach at the Eclipse 
Pioneer Division of Bendix Aviation Corp., 
Teterboro, New Jersey. In a semi-industrial 
area, they used a commercial-type fixture. .. 
Sylvania’s Scott . . . to provide general illu- 
mination for precision motorassembly work. 


Here The Scott does a double lighting job 
by eliminating the supplementary lighting 
system used previously: 


1. The Scott, with its all-plastic reflector- 
shield, gives Bendix 110-116 footcandles 
of light at working level. It holds 
shadows and glares to a minimum, 
makes difficult seeing tasks easier. 


LIGHTING RADIO 


2. The Scott's clean, attractive appearance 
harmonizes with the modern interior. 
Bendix personnel proudly show the in- 
stallation to visitors as one more way 
Bendix protects the quality ofits products. 


Syivania’s Scott fixture offers many econo- 
mies in both industrial and commercial 
applications. Because it has an exceptionally 
high, 89.8%, efficiency, The Scott will, in 
many cases, give the desired illumination 
levels with fewer fixtures—along with quality 
lighting. 


Next time you have an illumination 
problem either in industrial or commercial 
““close-work” areas, investigate the many 


TELEVISION 


ELECTRONICS 


advantages of lighting with Sylvania’s Scoft. 
For complete information, contact your 
local Sylvania Lighting Specialist, or write 
directly to: 


SYLVANIA ELEcTRIC Propucts INC 
Department E-30, 

Lighting Division—Fixtures 

One 48th Street, 

Wheeling, W. Va. 


SYLVANIA ¥ 


..+ fastest growing name in sight 


ATOMIC ENERGY 





HE’ s READING a PAPER 18 STORIES UP 
. on -watt General 
Electric PAR i oi Mae bake uld yo 
ntrated light in a self- 
obs. G-] 


With G-E Par lamps you can 


FLOODLIGHT 


I8 STORIES 


or spotlight a 
diamond necklace 


EVEN IN BROAD DAYLIGHT, i 
PAR | ( 


75 and 150 


PAR-5S6, 300 watts PAR-64, 500 watts 

VERSATILE — Nearly mbinations of sizes 
beam | itterns ind colo ire ay ailable ~ ale d- 
in refiectors neve! d cle aning Where the 


precision beam cor pine of PAR Lamps isn’t Progress ls Our Most /mportant Product 


e General Electric’s full line of 
rlass reflector spots and floods at e\ 


.o] ven a 
ices General Electrie Large Lamp GENERAL ELECTRIC 
Nela Park. Cleveland 12. Ohio 


G-E LAMPS GIVE YOU MORE FOR ALL YOUR LIGHTING DOLLARS 
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the Two Grand Old Names in Lighting 
Cinnounc € the New 


Guth 
Incandescent Light 
Catalog 


ee 


Mr. Holophane” says “Mr. Guth"’ s 


Glad to have vou aboard, “Thank you, Mr. Franck 
Ed. My colleagues tel! me Our Engineers have had 
our new catalog will a hey-day with your grand 
rove to be most valuable lens-line. The new catalog 
for Architects and Engi- appears to be a most help. 
neers. Congratulations!” ful lighting tool.” P 


. 


CHARLES FRANCK, EDWIN F. GUTH, SR. 
President 

The Holophane Company The Edwin F. Guth Co. 
New York 17, N. Y. St. Louis 3, Mo. 
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THE NEW GUTH CATALOG features 
8 special indexed sections to completely cover the 
entire new Brascolite line of incandescent fixtures: 
square and round recessed units with Holophane Con- 
trolenses*, surface and suspended fixtures, night lights, 
bed lights, gym lights, etc. Complete with photograph 
of each fixture, plus specifications, dimensional draw- 
ings (drawn to scale for easy reproduction), coefficients 
of utilization, light curves, installation information 
and other technical data. 


Also a special 12 page section including complete Lumen 
and Point-by-Point Charts, features of Guth quality 
design and construction, as well as description of the 
famous ALZAK Lifetime Aluminum Finishing Process. 


Write on your letterhead for your complimentary 
Cele pry copy of this new catalog today. 


Our 55 5th Annivers: ary 


* ® Holophane Co. 
1902-1957 ut | lit 


THE EDWIN F. GUTH CO., ST. LOUIS 3, MO, 
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Now, light-stabilized 
SVENGLO polystyrene 


means light panels stay ‘‘new’’ longer 


EFFECT OF EXPOSURE 


S-1 Sun Lamp 
Exposure 





EFFECT OF EXPOSURE 


Fadeometer 
Exposure 














& 
KOPPERS 


KOPPERS 
PLASTICS 


Kw NGLO LIGHT-STABILIZED polysty- 
rene, Koppers new formulation, resists 
discoloration due to illumination longer 
than other known light-stabilized poly- 
styrenes. Fadeometer and S-1 sun lamp 


tests have proven this fact conclusively. 


Fixtures Stay Young-Looking 


Use of new EvENGLO light-stabilized 
polystyrene means that your shields, 
louvers, panels and fixtures will stay 
new and bright-looking far longer than 
ever before. Do you have a single cus- 
tomer who won't appreciate that im- 
portant quality feature? To learn all 
the important facts on shaping, mold- 
ing, extruding and processing new 
EVENGLO light-stabilized polystyrene, 


send in the attached coupon, today. 


CHARTS AT LEFT show time (hours) vs. change 
degrees) of discoloration—based on data obtained 
in Koppers laboratories. 

Solid black line represents best of other known 
light-stabilized polystyrenes available December, 
1956. Dotted red lines represent regular Evenglo 
polystyrene. Solid red lines represent improved 
light-stabilized Evenglo polystyrenes. 


Koppers Company, Inc. 
Chemical Division 
Dept. IE-57, Pittsburgh 19, Pa. 


Please send me your folder on 
EVENGLO light-stabilized polysty- 


renes. 
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Sales Offices: PITTSBURGH - NEW YORK - BOSTON - PHILADELPHIA - ATLANTA - CHICAGO - DETROIT - HOUSTON - LOS ANGELES - SAN FRANCISCO 
in Canada: Dominion Anilines and Chemicals Lid., Toronte, Ontario 
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e7-¥, gon 4 
5600 series 
a'x a’ _ 
Recessed 
Lighting 


Mifelaiayd-ile lal amelal-rd ol i-1e1- mm lel 0h'd-la 
reduces fixture weight... adds strength 


sich | Unique One-Piece Framed Louver 
o Wavy Lines 
, << Cannot Sag or Lose Its Shape 


Interlocking aluminum fins are rigidly locked into hinged 
frames. The total weight of this large area fixture is 


reduced by 25% imposing less burden on the ceiling. 


Louvers cannot twist or bend out of alignment... no 
unsightly wavy lines. Small cell size provides soft, even 
lighting. Lamp placement in relation to louver fins 


assures even brightness, ample shielding. 


Die-Formed, Twin-Channel Housing 
Easily | Installed Provides Greater Rigidity 


Extra forming means greater rigidity without extra 

weight. The ballasts are located in channels. Heat from 
Bh the ballasts is more efficiently dissipated because of the 

greater surface area provided. 

Ease of installation is assured .. . hinged frames fit pre- 

cisely...trim flanges fit snugly against the ceiling. Other 


ines: 7x27, 7x4, Tze. 


Send for Bulletin 552-L. 


<a SL > Also available with one-piece plastic shield. 
Preferred for Performance 


] COMPLETE Garden City Plating and Manufacturing Company 


COMMERCIAL 1760 North Ashland Avenue ¢ Chicago 22, lIilinois 


LIGHTING In Canada: Garcy of Canada, Ltd., 1244 Dufferin Street, Toronto 4 
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Slimline Plunger — Butt-on 
High Voltage End Lead Terminal Type 
Channel Screw Terminal Type Chonnel “Quick Connect’ Type Channel “Quick Connect’ Type —with or without mounting bracket 


for T-8 Lamps Rear Terminal Tabs for T-8 Lamps Front Terminal Tabs for T-8 Lamps for Slimline Lamps 


. 
a Slimline Plunger — Butt-on 
. low Voltage End Lead Terminal Type 
. —with or without mounting bracket 
for Slimline Lamps 
Medium — Butt-on 
Medium —Combination Screw Terminal Lead Terminal Type 


Medium — Single Screw Terminal 
Type for T-8 and T-12 Lamps for T-8 ond T-12 Lamps 


Type for T-8 and 1-12 Lamps 


” 


Sylvania fills every basic need for 


Fluorescent 


Slimline — Butt-on High Voltage End 
Screw Terminal Type 
for Slimline Lamps 


{i a> 
j 


Wiring Devices nidieiieating 


End Screw Terminal Type 
for Slimline Lamps 


@ Sylvania’s complete line can provide 
the exact lamp holder or starter socket 


to meet your requirements. 


These wiring devices are carefully manu- 
factured to Sylvania’s exacting standards, ay é 

r . ’ ie he 
and are approv ed by l nderw riters Slimline Fixtures High Voltage End Slimline Fixtures Low Voltage End 

: ‘ : ‘ T i T wT inal T. 
Laboratories and Canadian Standards yay te ay yy tena nay 
Association Approvals Laboratories. 
’ , a ff 
When you need the best in fluorescent 
wiring devices, see Sylvania. For complete 
details and specifications, write for catalog. 
Medium — Butt-on 


lead Terminal Type 
—with or without mounting bracket 


DS PARTS DIVISION 
Sylvania Electric Products Inc., Parts Division, Warren, Pennsylvania 
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MAXIMUM CEILING ADAPTABILITY 


hensenedl 


1’x4’ Rectangles 


L J 
1’x8’ Rectangles 


3’ Circles 6’ Circles 


pen © 


2’x4’ Rectangles 2’x2’ Squares 4’x4’ Squares 


j I i | I ete 


Continuous Rows 


























Widest possible range of shapes and forms... 
making possible unlimited patterns and combinations. 


Widest possible choice of diffusers . . . polystyrene 
louvers ... plain formed acrylic . . . corning low bright- 
ness ... curved corning lens . . . curved alba-lite .. . 
corning twinlens . . . flat alba-lite . . . metal louver 
.. . pattern formed acrylic . . . pattern formed vinyl. 
Space variations . . 2%" “Thin,” where ceiling 
economy is critical . . . 414” “‘Shallow,’’ when limited 
space is available 7%%" deep, when normal recess- 
ing depth is possible 

Workmanship . highest possible quality material, 
formed and assembled under unmatched inspection 
standards by top skilled craftsmen. 

Sensible pricing . . . if quality luminaires could be 
produced and sold for less, LPI would be the one to 
do it. 


MAIL THIS COUPON TODAY 


Don’t just take our word for it! Convince yourself that 
LPI has the widest, most complete line of TROFFERs. 
There is an LPI Trorrer-combination to 

solve any problem concerned with 

esthetics, space, light control and 

distribution, construction 
quality or sensible price. 


LIGHTING PRODUCTS INC. wigvicn pork, sine 


Please send detailed information on LPI's complete line of Troffers. 
Nome Title 
Firm 


Address 





highest quality plastic extrusions 


increase the sales appeal of your products. 


They practically pay for themselves through 
increased quality and improved appearance. 
You save time and trouble in processing 


and assembly without cost increase. 


K SH Extrusions are consistently uniform in color, size 


and shape. They pass your most rigid standards. 


DESIGNERS: ENGINEERS : MANUFACTURERS 


KSH PLASTICS, INC. « HIGH RIDGE, MO. 
CHICAGO, ILL. + MILWAUKEE, WIS. * INDIANAPOUS, IND. 
DAYTON, OHIO + ATLANTA, GA. + GRAND RAPIDS, MICH. 


ST. LOUIS, MO. « RED BANK, N. J. *« BOSTON, MASS. 
SALES OFFICES 
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Sem mieamiavelopment frOMm Srithenaft- 
ite Si > 


Smithenaft- \WOSOME 


with brand new 


COMPOUND SHIELDING 


45° x 45° SHIELDING IN A 
VERY SHALLOW UNIT WITH 
NO DARK CENTER STREAK 


Quality, beauty, and comfort are combined in the 
new top value, low-cost Smithcraft TWOSOME. The 
new Smithcraft Compound Shielding permits the com- 
fort benefits of 45° x 45° shielding in a very shallow 
unit (only 3%” deep). And there is no dark center 
streak! This Compound Shielding is a center strip of 
extruded Polystyrene with white steel baffles on 
very interesting and eye-pleasing. Bottom shielding and side shields are one complete assembly 





either side... 
which hinges from either side or may be easily removed entirely. 

For two or four 4’ or 8’ lamps, TWOSOME may be also specified with Plastic Louvers (42° x 42 
Ribbed Skytex Glass, or Flanged Polystyrene (impact resistant). Ask the man from Smithcraft to tell you more 


about the TWOSOME for schools, offices, stores or similar installations. 
Soomoecensthe man tren dmeithcode 


He's a man who knows lighting ‘‘from the architectural 
standpoint"’. Because he talks ‘‘lighting’’ rather than ‘‘fix- 
tures’’, he can help you find the time-saving, economical 
solutions to lighting problems that are posed by any 
building design on your boards. Call him in to consult 
with you or your lighting engineers on the TWOSOME or 
any one of the Smithcraft line of lighting units. 


shielding), 





Se, ee ce te ete 


Smithcraft fluorescent lighting units are installed in thousands of offices, 
factories, schools, stores and diversified interiors from coast to coast. 


/ _. Wherever good lighting is important, you'll find... 
: — — st Sam SMITHCRAFT — “AMERICA’S FINEST FLUORESCENT LIGHTING” 
Horry 8. Wolf, Jr., Philedelphie Representative, -— oe oe ee ee ee ee ee oe ee ee ee oe oe ee oe ee ee ee ee ee ee oe oe oe oe oe 


one of Smithcroft's nationwide soles organization. 
I PLEASE ATTACH TO YOUR BUSINESS LETTERHEAD and mail to wn 


§ Smithenaft LIGHTING, CHELSEA 50, MASS. = 
Smithenalt- 


LIGHTING 


TITLE , CO. 
ADDRESS ——— ee 
CHELSEA 50, MASSACHUSETTS 


[) Please send me the monthly publication, “Light Side of the News’’, so that | can keep in touch 
with the latest trends in lighting 

C) Please send me the ‘“‘TWOSOME”’ Folder and catalog sheets. 

() Please send me the complete SMITHCRAFT CATALOG, containing data on America’s Finest 
Fluorescent Equipment. 





HEART 


We 
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y 


clear, complete, concise 


Century specification 
sheets save your time 


because they're logically 
, MIAMI 


organized — easy to read a a eo ~~ geudent Monk 


Young, 8. A 


There's a separate sheet ae 7 = :, Ohie 


for every instrument = 


4seociate Member 


in the Century catalog 


CENTURY 
LIGHTING, INC. 


WEST 43rd ST 


YORK 36.N_Y 


$0 BERKELEY ST 
TA MONICA, CALIF 


, N E ] Ith ST 
AMI. FLORIDA t 2. J.. Rew aply maneien t Membership Cort Srownsville. Tez 

Student Members 

Ackerman, B. E.. Southern ollece of Opt 
etry Memphis 

Black, W. H t yllege Optomet: 
Memphis, ° 

Clarke, W i ‘ y] yf Opton 
Memphis, Tenr 

Creed c.. outhe Yollece Optomet 
Mer 

Currey } outhern College Optometr 
Memp! , 
ist, L outher ollege Optometry 
Memp! 

Fitch R. C I } ege f Optometr 
Memphis, Ts 

Fontenot, J.8., Souther ri re of Optometry 


Optometry 
George , Souther ollege Optometry 
Memphis, Tenr 


Harden. T. G., Southern lege of Optomet 
Memphis, Tenr 
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ALL EXTRUDED ALUMINUM 


= 


Ss = 


OBJECTIVE: Well-distributed non-glare illumination for any building facade. 

CONSTRUCTION: Exclusive one-piece construction in any length to 24’...in 
widths of 15” and 18”. Interlocking sections and door 
frames of extruded aluminum... and end plates, 
mounting plates of cast aluminum. Clear-ribbed glass 
doors. Maximum weather-proofing throughout. In 3 fin- 
ishes — natural aluminum, baked enamel, porcelain 
enamel. 

INSTALLATION: Mounting plates (two to every 8 foot length) fasten to build- 
ing. Fixture is easily locked into mounting plate and 
bolted. 


Electrical Contractors: Hirsch Electric Co., Inc ooklyn *Registered U.S. Patent Office 


== MAGN FLOOD 


riaring 


Ld, Ottawa, Ome 38 NORTH SECOND AVENUE + MOUNT VERNON, N.Y. 


sanscartier 


mB - :' ee ee a MOUNT VERNON 8-1385 


( Ltd 


Manufacturers of a complete line of outdoor floodlights and accessories. 
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SPECTRA BRIGHTNESS 


SPOT METER 


Spectra Meter Now Used by 


Lighting Engineers in 


Aircraft Industry 
Electric Utilities 
Architectural Firms 
Motion Pictures & TV 
Street & Highway 

Departments 
Model Work 


Special Features of Standard Model: niin Cenioniog 
“ © =) 





Extreme Sensitivity Range 
Direct Reading in ft-L 

s : Locking Microammeter DIRECT READING! All 
cast aluminum quality Secetee © > poset vied ateie tes 


Permanent satin finish maintenance -free Small Angle same reading of the bright- 

peratior jurability .. . these are some Other Models Available ness of a given area. 

f the inherent advantages of mcPhilben cast For Greater Sensitivity 
t 











aluminum lighting units. McPhilben quality 


nstruction and built-in extras can “- aed ; 
Write jor descriptive literature, complete specifi- 


rations and information applying to your par- 
Write today for specification data on sicales field to: 


mcPhilben's cast aluminum quality line. 
McPhilben Lighting Co. PHOTO RESEARCH CORP 
1329 Willoughby Avenue 837 N. CAHUENGA BLVD. 
Brooklyn 37, New York HOLLYWOOD 38, CALIF. 


help solve many of your lighting problems. 











eet 
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Larson, W I 
Diego, Calif 
San Jose CHAPTER 
dissociate Member 
Darnton, P. R Pacific Gas & Electr 
Salinas, Calif 
SOUTHEAST FLORIDA CHAPTER 
issociate Member 
Nowell, Mary Brown, Florida Power & 
Co Mian Fla 
SOUTHERN CALIFORNIA SECTION 


Associate Member 


Hagest, Karen, Hughes 


Cahf 


UTHWESTERN SECTION 


Dahl 


Wyatt Food St 


SECTION 

Members 

ane THE STAR-LITE 
*Maddocks, D. I tinsor Arey, Hal Wir 
Br a Just what you've been looking for in a 
Horne, H. C., Appleton Elect truly smart, modern fixture for 
ay te das. Stitt high style commercial use. At- 

Salem, N. ( tractively sleek, shallow lines 

make the Star-Lite as deco- 


rative as it is efficient. 


TENNESSEE VALLEY SECTION 


Member 
Sisk, J. L Nashville Elect 


TORONTO SECTION 


Members 

*Brown, A. J ell Mfg td Toron 
te Ont 

*Lindsay, R. P Canadian Line Materials 
Ltd., Toronto, Ont 

*Pringle, W. R., Mitchell Mfg 
ronto, Ont 

dissociate Members 

Fry, H. E Sylvania Electric Canada) Ltd 
Toronto, Ont 

reland, Glen, D. H. Howden & Co., London 
Ont 

Ledwidge, M. } Electrolier Mfg. Co Ltd., 
Montrea Que 

Milligan, W. | Cutler Erands Ltd., Toronto 
Ont 


Twin Crry SECTION 


Associate Members 

Skillingstad, J. fF Northern States Power 
Co., St. Cloud, Minn 

Young, R. W Westinghouse Electric Corp 
St. Paul, Minn 


WESTERN MICHIGAN SECTION 


Associate Members 

Henderson, A. W Henderson Brothers Ele« 
tric, Cheboygan, Mich 

Jeffiirs, R. J West Michigan Electric 
Benton Harbor, Mich 

Kuhn, F. L General Electric Supply 
Grand Rapids, Mich 


Wstans New York Srori0 LIGHT & POWER UTILITIES CORP. 


Associate Member 
Burns, F. J., Sterns Electric Equipment 
Buffalo, N. Y 
WINNIPEG CHAPTER 


Associate Member 


Wolk, J. B., 207 Bredin Dr., Winnipeg, Man 
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Excellent Opportunities For 


LUMINAIRE AND REFRACTOR 
DESIGNERS 


Corning Glass Works has 
excellent opportunities for 
two experienced designers 
of refracting glassware 
used in signals and illumi- 
nating equipment. One 
position will be at Corn- 
ing, N. Y., and the other 
will be in the Midwest. 
The work is interesting 
and has considerable va- 
riety. The engineers cho- 
sen will have contacts with 
research scientists, manu- 
facturing staffs and ulti- 
mate users. Experience 
will be recognized. 
Reply, giving full particu- 
lars, to 


Mr. F. P. Hudson 


CORNING GLASS WORKS 
Corning, N. Y. 











REPRESENTATIVE WANTED 
Specific territory open. Sales representative 
or sales organization wanted to contact archi- 
tects, engineers, contractors and electrical dis- 
tributors to sell nationally known commercial, 
industrial and institutional lighting line, meet- 
ing today’s competition and tomorrow's future 
design. We are Holophane licensees and mem- 
bers of the RLM Standards Institute. Due to 
our new accelerated sales program, many new 
territories are open (protected). We have just 
completed our 1957 catalogue which is ready 
for national mailing. Kindly contact Box 277, 
Publications Office, Illuminating Engineering 
Society, 1860 Broadway, New York 23, N. Y. 


ASSISTANT SALES MANAGER 
WANTED 


For large Midwest manufacturers of lighting 
fixtures, quality line; age 30-40 with B.S. de- 
gree or equivalent and good sales record. Some 
travelling. $12,000 to $15,000 to start. Address 
Box 304, Publications Office, Illuminating En- 
gineering Society, 1860 Broadway, New York 
23, N. ¥ 


DESIGNER DRAFTSMAN 
Experienced in lighting fixture design and lay 
out for commercial and institutional use. Ex 
cellent opportunity. Submit full resume, back- 
ground, salary, ete. All replies held strictly 
confidential. Address Box 305, Publications 
Office, Illuminating Engineering Society, 1860 
Broadway, New York 23, N. Y 


LIGHTING SALES ENGINEERS 
N. Y. manufacturer desires lighting sales en- 
gineers with following among architects, engi- 
neers, distributors, etc. Quality line of com- 
mercial and institutional lighting fixtures. Holo- 
phane licensee. National distribution. Many ter- 
ritories open. Forward complete resume. State 
lines now carried. Address Box 306, Publica- 
tions Office, Illuminating Engineering Society, 
1860 Broadway, New York 23, N. Y. 
BLECTRICAL ENGINEER 

For design and development of fluorescent 
lamp ballasts and high reactance transformers. 
Several years experience desired Excellent 
opportunity with stable and progressive corpo- 
ration. Employee benefit plan—location North- 
ern Ohio—Salary open. Pleare address Box 
307, Publications Office, Illuminating Engi- 
neering Socety, 1860 troadway, New York 
= 
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REPRESENTATIVES WANTED 


Sales organizations with allied lines wanted t 
contact Lighting Engineers, Electrical Contra« 
tors and Distributors. This is a nationally 
known, extensive fluorescent and incandescent 
lighting line. Due to our new sales program 
many new protected territeries are oper 1 
answering, please specify entire territory de FIRST CHOICE FOR 


sired and lines now represented. Send full 


tails to Box 308, Publications Office, [lumi ONE OF PHILA.’S LARGEST 


eine, Satmeumg Seaety, S86P Secaswn SCHOOL LIGHTING JOBS 


ew York 2 N.Y 
New Cardinal Dougherty 


MANUFACTURER'S High School 
REPRESENTATIVE WANTED 

Are you a topflicht lighting representative Architects and Consulting Engineers 
covering the Washington and Oregon area, well Stickle & Associates 
established in the trade with a following among Electrical Contractor: H. B. Frazer & Co., Inc 
Architects, Engineers, Contractors and Ele« 
trical Wholesalers THI MILLER COM 
PANY'S complete line of lighting equipment 
their program of product development and 


There’s not a rattle in a 
carload of the louvers with 
which new METCO 
ASTRA-LITE luminaires 

are shielded. Projection- 
welding bonds every joint, 
holding each louver blade in 
rigid, permanent alignment. 
Projection-welding is one 
of many advanced 
manufacturing techniques 
and design advantages used 
in this popularly-priced, 
multi-purpose luminaire 
series. Write today for an 
ASTRA-LITE catalog sheet. 


broader market coverage offers an excellent Sold only through qualified electrical distributors 


ee ee eer ee MILLER | METALCRAFT PRODUCTS COMPANY, INC. 


details write: Sales Manager, THE MILLER 


COMPANY, Meriden, Ct Mascher and Lippincott Streets, Philadelphia 33, Pa. 
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Know what these emblems mean... be sure 


of quality in fluorescent lighting ballasts 


Either or both of these emblems may appear on 
fluorescent lighting ballasts. The UL (Underwriters’ 
Laboratories) emblem signifies only that a ballast meets 
safety requirements for electrical shock and fire hazards. 
UL does not test for operating characteristics that assure 
efficient, economical performance and long lamp life. 


The other emblem, containing the words “CBM 
CERTIFIED BY ETL”, indicates that a ballast will 
meet rigid standards of performance specified by lamp 
and Certified Ballast Manufacturers. This CBM em- 
blem assures you that the ballast meets specified stand 
irds for long lamp life, full light output, low radio 
interference and reliable starting 


In addition to meeting UL safety requirements, 


Sola ballasts for general lighting applications meet or 
exceed minimum CBM performance specifications or 
proposed specifications wherever they exist. 


Other manufacturers, however, are making ballasts 
which are not designed to meet CBM standards, and 
bear only the UL label. These non-certified ballasts may 
sell for a few cents less, but in terms of owning and 
operating expense, fluorescent lighting systems incor- 
porating these ballasts cost many dollars more, in 
reduced lumen output and lamp life. 


We have prepared an engineering report which 
discusses these factors in detail. We invite you to write 
for your copy of this report on the real cost of lighting 
systems using non-certified fluorescent lighting ballasts. 


S O LA Electric Co. + 4633 West 16th Street *¢ Chicago 5O, Illinois 


CONSTANT VOLTAGE TRANSFORMERS © FLUORESCENT LIGHTING 


BALLASTS © MERCURY VAPOR LIGHTING TRANSFORMERS 


SOLA ELECTRIC CO., 4633 West 16th Street, Chicago 50, Illinois, Bishop 2-1414 © NEW YORK 35; 103 E. 125th St., TRofa 


PHILADELPHIA: Commercial Trust Bidg., Rittenhouse 6-4988 © BOSTON: 272 Centre Street, Newton 58. Mass., Bigelow 


4-3354 @ CLEVELAND 15: 


1836 Euclid Ave., PRospect 1.6400 © KANSAS CITY 2, MO.: 406 W. 34th St., Jefferson 4382 © LOS ANGELES 23: 3138 E. Olympic Bivd., ANgelus 
9.9431 © SOLA ELECTRIC (CANADA) LTD., TORONTO 17, ONTARIO: 102 Leird Drive, Mayfair 4554 © Representatives in Other Principal Cities 
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Why CERTIFIED CBM BALLASTS mean 


fluorescent lighting that really measures up! 


in re 5 i — 
Ce PF) / 


“Ue 


S 


YOU GET PEAK LIGHTING PERFORMANCE with CERTIFIED CBM BALLASTS are built to exacting “specs” 
CERTIFIED CBM BALLASTS in fluorescent fixtures. 
And you assure customer satisfaction just as you planned 
because... 


to give quiet operation and High Power Factor along 
with assured ballast life, optimum light output, and rated 
lamp life. And they a// carry the UL label. 


THEY PROTECT YOUR CUSTOMERS help you, too. “CBM ...INEXPENSIVE INSURANCE”, says another 
Says one lamp manufacturer, “This certification (CBM) tube maker. Be sure to specify fixtures equipped with 


assures without individual testing that lamps will operate CERTIFIED CBM BALLASTS and write for ‘Why it 


at values close to ratings.” pays booklet today! 


Not a// ballasts are the same. . . Certified CBM ballasts are ‘tailored to the 
tube”. Insist on CBM ballasts, certified by ETL, in the fixtures you choose. 


C B M Seven leading manufacturers now make up 


— ERTIFIED BALLAST MANUFACTURERS 


2116 KEITH BUILDING ° CLEVELAND 15, OHIO 


Participation in CBM is open to any manufacturer who wishes to qualify 





CEILINGS OF GUTH GRATELITE LOUVER-DIFFUSER GIVE BETTER LIGHT LONGE 


MAY WE SEND YOU DETAILED INFORMATION? 


THE EDWIN F. COMPANY ° ST. LOUIS 3, MO. 
sf TRUSTED name in lighting since 1902 


*®U. S. Pat. No. 2,745,001 Canadian Patent Pending 





